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INTRODUCTION 

The  Saval  Ranch  Research  and  Evaluation  Project  was  initiated  in  May,  1978. 
The  overall  objective  was  to  evaluate  the  effects  of  livestock  grazing 
management  systems  and  range  improvement  practices  on  livestock  production, 
vegetation,  fish  and  wildlife  and  their  habitat,  watershed  hydrology,  water 
quality,  economic  factors,  and  other  resource  values. 

Funding  and  support  have  been  provided  by  the  Bureau  of  Land  Management,  U.S. 
Forest  Service,  Agricultural  Research  Service,  and  Agricultural  Experiment 
Station,  University  of  Nevada,  Reno. 

The  Project  has  been  directed  by  an  Executive  Committee  comprised  of 
representatives  of  the  supporting  agencies  and  cooperators.   On  September  9, 
1986,  the  Executive  Committee  agreed  to  phase  out  the  project.   Field  work 
ceased  as  of  September  30,  1987. 

Although  the  original  objectives  of  the  project,  as  stated  above,  were  never 
achieved,  a  vast  amount  of  information  regarding  this  northeast  Nevada 
rangeland  has  been  gathered  and  many  scientific  publications  are  resulting 
from  the  work. 

Summaries  and  interpretations  of  data  and  information  on  locating  data  sets  in 
computer  files  have  appeared  in  a  series  of  annual  reports.   In  1982  and  1983 
annual  progress  reports  were  produced  in  a  spiral  bound  volume  format.   In 
1984,  1985,  and  1986  annual  progress  reports  were  bound  and  produced  as  BLM, 
Nevada  State  Office,  Technical  Reports.   All  the  above  reports  have  been 
distributed  to  numerous  BLM,  USDI,  and  USFS  libraries  as  well  as  to  government 
document  depository  libraries.   Prior  to  1982  progress  reports  were  unbound 
and  issued  separately  for  individual  disciplines.   The  1987  report  was  the 
final  report  for  the  fisheries  study  and  most  aspects  of  the  vegetation 
studies. 

The  scientific  results  and  conclusions  reported  here  are  to  be  considered 
unpublished  and  preliminary  in  nature.   They  are  presented  to  meet  contractual 
agreements  and  to  provide  the  supporting  agencies  and  parties  with  a  basis  for 
judging  progress.   No  results  should  be  cited  or  quoted  without  permission 
from  the  authors. 

This  is  the  final  project  report.   However,  it  is  anticipated  that  several 
additional  publications  and  theses  will  result  from  the  activities  reported  in 
this  and  past  volumes.   The  interested  reader  should  contact  the  individual 
contributors  for  their  future  publications. 
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CHAPTER  1 

PA^T  A:   ESTIMATING  DAILY  PRECIPITATION  IN  THE  NORTHERN  GREAT  BASIN 

Karl  Gebhardt,  Carolyn  Bohn,  and  Nancy  Gordon 

Purpose 

1.  Investigate  factors  which  produce  different  precipitation  at  different 
sites  in  basin  and  range  topography.   Different  storm  types,  distinct  seasonal 
patterns,  and  orographic  lifting  create  complex  patterns  of  precipitation  in 
this  region. 

2.  Use  the  understanding  of  how  and  why  precipitation  varies  from  site  to 
site  to  design  methods  which  will : 

-  distribute  monthly  precipitation  totals  into  daily  estimates,  based  on 
daily  records  from  another  site; 

-  estimate  daily  precipitation  at  ungaged  sites  from  daily  records  at 
other  gaged  sites. 

These  methods  are  needed  to  prepare  data  sets  which  are  based  on  real-world 
topographic  and  physical  features  rather  than  just  probability-based  for  use 
in  range  planning  and  range  management  computer  models. 

Study  Site 

1.  Eleven  precipitation  gages,  daily  records  (omitting  days  with  no  data), 
years  1980-1986. 

2.  Saval  Ranch,  40  miles  north  of  Elko,  Nevada 

-  Elevation  Range:   5,846  ft.  to  8,524  ft. 

-  Average  Annual  Rainfall:   12-29  inches,  over  elevations;  occurs 

primarily  in  winter 

-  Area:  Approximately  9  mile  x  6  mile  area  containing  11  gages 

-  Aspect:   East  side  of  Independence  Range 

-  Prevailing  Precipitation  Patterns:  Winds  prevail  from  the  west 
supplying  moisture  from  the  Pacific  Ocean  from  October  to  June.   Pacific 
frontal  systems  and  continental  cyclones  developing  over  the  Great  Basin 
trigger  virtually  all  of  the  storms.   During  the  summer  months, 
convective  rainfall  dominates,  though  frontal  storms  may  occur.   The 
position,  frequency  and  nature  of  these  triggering  mechanisms  sharp 
seasonal  rainfall  patterns  throughout  the  Great  Basin.   Orographic 
lifting  is  particularly  important  in  the  Great  Basin,  but  exact 
elevational  relationships  apparently  differ  from  range  to  range. 
(Summarized  from  Houghton,  1969) 


Methods 

1.  Investigate  Influencing  Factors 

-  Determined  correlations  between  each  pair  of  stations  by  month 
(combining  all  years),  based  on  daily  precipitation  records. 

-  Used  regression  to  explain  different  correlations  between  station  pairs 
based  on  spatial  patterns  (n=55) 

-  correlation  vs.  elevation  change 

-  correlation  vs.  distance 

-  Examined  distribution  of  precipitation  for  temporal  patterns 

-  by  month  for  seasonal  patterns 

-  by  number  of  days  of  precipitation 

-  by  number  of  concurrent  days  of  precipitation 

2.  Distribute  monthly  precipitation  totals  to  daily 

-  Determined  one  month  totals  between  a  pair  of  stations  (what  percent 
total  at  "estimate"  stations  was  of  total  at  "reference"  station).   That 
relationship  was  applied  to  the  daily  precipitation  at  the  reference 
station  to  estimate  daily  precipitation  at  the  other  station  and 
estimates  were  compared  to  the  actual  precipitation  .   (Mathematically, 
this  is  the  same  as  determining  daily:  total  ratio  at  the  reference 
station  and  applying  that  to  the  unknown  station  total  to  estimate 
daily. ) 

3.  Generate  daily  estimates  at  ungaged  sites 

-  Kriging 

-  Weight  proportioning 
Results 

Summary  of  Influencing  Factors 

Correlation  of  daily  precipitation  with  elevation: 

1.   As  shown  in  Figures  1.2  and  1.3,  the  correlations  of  average  daily 
precipitation  with  elevation  are  high  in  both  summer  and  winter. 

Temporal  Patterns  (Figure  1.1.): 

1.  At  least  69%  of  the  55  station  pairs  had  correlations  at  .800  or  better 
from  September  through  January  (December  had  the  least) . 

2.  July  and  August  had  the  lowest  correlations  between  station  pairs;  only 
20%  of  pairs  had  correlations  at  .800  or  better. 
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Figure  1.1.   Distribution  of  correlations  greater  than  0, 
between  stations  pairs. 
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Figure    1.2.      Correlation   of    summer  precipitation   with   elevation. 
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Figure  1.3.   Correlation  of  winter  precipitation  with  elevation. 
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3.  February  through  June,  36-62%  of  station  pairs  correlated  at  .800  or 
better. 

4.  As  seen  above,  season  influences  the  correlation  between  stations. 
Therefore,  the  accuracy  of  estimates  based  on  one  station  will  vary  according 
to  season.   A  general  trend  of  decreasing  correlations  from  January  to  August 
and  increasing  from  August  was  observed.   The  best  correlations  occurred  in 
the  fall  and  winter,  and  the  worst  were  in  the  summer. 

5.  Although  correlations  were  good  in  September,  the  study  area  is  probably 
still  under  the  influence  of  convectional  storms.   It  is  receiving  rain,  not 
snow,  and  so  September  is  considered  to  be  a  summer  month.   This  is  supported 
by  the  fact  that  the  correlations  between  station  pairs  do  not  seem  to  be 
related  to  elevation  and  distance,  which  are  relationships  typical  of  winter 
and  absent  in  the  summer  (see  below). 

6.  The  influence  of  elevation  and  distance  changes  seasonally  (see  text 
below) . 

Spatial  Patterns 

Distance  Between  Station  Pairs  (Figure  1.4  and  1.5): 

1.  For  this  analysis  N  also  equaled  55  with  the  average  of  all  winter  (or 
summer)  months,  all  years  for  each  station  pair  tested  against  distance 
between  station  pairs.   Distance  accounted  for  some  of  the  variability  in 
station  pair  correlations,  more  in  the  summer  (June-September)  r2=.566  than 
in  the  winter  (October-May)  r2=.403.  As  distance  increased,  correlations 
decrease. 

2.  Assuming  summer  storms  are  convectional,  stations  which  are  close  to  each 
other  are  more  likely  to  be  touched  by  the  same  storm  than  stations  separated 
by  some  distance.   Because  convectional  storm  patterns  can  be  erratic  and 
spatially  limited,  stations  should  have  to  be  quite  close  to  have  a  tight 
relationship.   For  r2=.8  (based  only  on  distance),  stations  would  have  to  be 
within  about  3.5  miles  of  each  other,  in  the  summer.   Winter  storms  (assuming 
frontal  storm  patterns)  are  spatially  distributed  so  that  distance  would  not 
be  an  important  factor. 

3.  Daily  estimates  from  one  station  will  be  better  in  the  summer  if  the 
station  is  close  to  the  estimated  area. 

Elevation  Change  Between  Station  Pairs:   (Figures  1.6  and  1.7) 

1.  The  elevation  difference  between  two  stations  explained  much  of  the 
variability  in  station  pair  correlations  in  the  winter  (r2=.837),  but  was 
not  a  factor  in  the  summer  (June  through  September)  correlations  (r2=.282). 
As  elevation  change  increased,  the  station  pair  correlation  decreased. 

2.  Frontal  storms  in  the  winter  cover  large  areas  and  are  orographic ally 
responsive.   Although  a  strong  predictive  relationship  exists  between 
elevation  and  precipitation  throughout  the  year,  the  effect  of  elevation 
change  is  much  more  pronounced  in  the  winter,  as  shown  by  the  steeper  slope  of 


Figure  1,4.   Distance  vs ,  summer  average  station  pair  correlations 
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the  regression  line  (Figure  1.6).   Stations  at  the  same  elevation  are  likely 
to  receive  similar  amounts  of  precipitation  from  frontal  storms  which  explains 
the  high  r2  between  elevation  change  and  station  pair  correlation  in  the 
winter. 

3.  Where  the  elevation  change  between  station  pairs  is  large,  the  correlation 
between  stations  is  low  in  both  summer  and  winter.   For  example,  at  an 
elevation  change  of  1600  ft.  the  difference  between  station  correlations  for 
summer  and  winter  is  only  about  .05.   However,  where  the  elevation  change  is 
small  (100  ft.)  the  difference  between  summer  and  winter  station  correlation 
is  almost  .15  (Figures  1.6  and  1.7). 

4.  The  elevation  of  the  reference  station  in  relation  to  the  area  for  which 
daily  precipitation  is  being  estimated  will  have  an  important  influence  on  the 
accuracy  of  the  estimations  in  the  winter. 

Distance  and  Elevation  Change  Combined: 

1.  In  summer,  distance  appears  to  be  the  more  important  of  the  two  factors; 
multiple  regression  with  distance  and  elevation  raises  the  r2  from  .566  for 
distance  only  to  .597.   This  small  improvement  points  out  the  relative 
unimportance  of  elevation  in  the  summer,  and  the  value  of  the  r2  suggests 
that  there  are  other  influences  unaccounted  for. 

2.  In  winter,  elevation  change  is  the  most  important  factor  but  distance  does 
exert  some  influence.  R2  for  elevation  change  =.837  improves  to  r2=.880 
when  distance  is  included  in  the  regression. 

3.  Evaluation  by  each  month  confirms  that  elevation  change  and  distance  do 
not  explain  the  variation  in  station  pair  correlations  for  June,  July,  August 
and  September  (Figure  1.8)  .   November  is  also  poorly  explained.   Although  the 
correlations  between  station  pairs  are  good  in  September  (Figure  1.1),  they 
apparently  have  no  relationship  to  distance  and  elevation  change. 

Number  of  Days  with  Precipitation  (Figure  1.9): 

1.  Number  of  days  of  precipitation  affect  precipitation  estimates  in  two  ways: 

-  Accuracy  of  estimates  for  ungaged  sites  from  gaged  sites 

-  Distribution  of  monthly  totals  into  daily  estimates  based  on  daily 
estimates  at  another  site. 

2.  The  number  of  days  of  precipitation  relate  well  to  elevation  in  February, 
March,  April  and  May  (r2=.7  or  better).   Accepting  a  lesser  degree  of 
confidence  (r2=.5),  days  of  precipitation  and  elevation  are  related 
throughout  the  winter  months  (October-May).   November  is  an  anomaly. 

3.  There  is  no  relationship  in  the  summer  between  number  of  days  of 
precipitation  and  elevation  (r2<4.0). 

4.  It  was  hypothesized  that  the  number  of  times  that  precipitation  falls  on 
the  same  day,  at  both  stations  in  a  pair,  would  affect  the  correlation  between 
those  two  stations.   However,  regression  analysis  showed  no  apparent 


12 


.95 


.90 


,85 


.80 


75 


70 


.65 


,60 


55 


50 


Figure  1.6.   Elevation  change  vs.  winter  average  station  pair  correlations. 
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Figure  1.7.   Elevation  change  vs.  summer  average  station  pair  correlation. 
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Figure  1.8.   Elevation  difference  vs.  station  pair  correlation 
by  month. 
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Figure  1.9.   Elevation  vs.  days  of  precipitation.   R  values 
by  month.  g 
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relationship  between  the  number  of  concurrent  precipitation  days  and  station 
pair  correlations. 

Month  R2 


January 
April 
July 
September 

.033 
.067 
.209 
.005 

Figure  1.10  shows  an  example  of  the  scatter  between  station  pair  correlations 
and  the  number  of  days  with  precipitation  on  the  same  day  for  July  1980-1986. 

Application  of  Results 

Selecting  Reference  Stations  to  Estimate  From: 

1.  Correlation  between  gaged  stations  in  this  study  indicates  what  the 
correlation  between  a  gaged  and  ungaged  site  would  be  under  the  same 
conditions,  in  the  same  region.   Thus,  the  conditions  governing  these 
correlations  can  be  interpreted  for  choosing  reference  stations  from  which  to 
estimate  precipitation  in  an  ungaged  area. 

2.  In  the  winter,  (October-May),  the  correlation  between  sites  depends 
primarily  on  the  difference  in  elevation  between  the  sites.   The  best 
correlations  result  from  small  changes  in  elevation.   Elevation  influences 
both  the  amount  of  precipitation  and  the  number  of  days  of  occurrence. 

3.  In  the  summer  (June-September) ,  the  correlation  between  sites  depends  on 
the  distance  between  the  stations,  somewhat.   The  best  correlations  result 
from  stations  close  to  each  other.   This  is  probably  because  summer 
convectional  storms  are  small  and  erratic. 

Placement  of  Gages : 

1.  To  make  best  use  of  limited  number  of  gages,  plan  gage  network  for 
anticipated  use  of  data.   For  example : 

Sample  Objective  1:   Ppt.  to  predict  runoff;  want  good  winter  data. 

Sample  Objective  2:   Ppt.  to  model  soil  moisture  through  the  growing 
season;  want  good  summer  data. 

2.  Because  correlations  between  stations  are  better  in  the  winter  than  in  the 
summer,  fewer  gages  are  needed  in  the  winter  to  maintain  the  same  correlations 
as  obtained  in  the  summer.   For  example,  to  expect  a  .75  correlation  between 
sites  in  the  summer,  sites  need  to  be  within  about  a  700  ft.  elevation 
change.   In  the  winter,  .75  correlation  can  be  expected  up  to  about  a  1500  ft. 
elevation  change.   Limiting  the  number  of  gages  in  the  winter  can  reduce  the 
major  time  and  equipment  investments  required  for  winter  filed  work  in  remote 
areas.   Distance-based  estimates  follow  the  same  pattern;  in  the  summer, 
stations  need  to  be  within  about  5  miles  to  achieve  a  .75  correlation,  and 
within  about  9  miles  in  the  winter. 
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Figure  1.10.   Concurrent  days  with  precipitation  vs.  July  station  pair  correlations. 
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3.   Maintaining  a  uniform  gage  network  year-round  will  give  better 
correlations  between  stations  in  the  winter,  for  objectives  which  emphasize 
winter  data. 

Distributing  Monthly  Totals  to  Daily: 

1.  Daily  precipitation  was  estimated  from  monthly  totals  for  Station  #11  to 
test  the  validity  of  using  the  relationship  between  monthly  totals  as  a 
correction  factor.   Station  #11  was  selected  for  the  test  because  it  has  some 
of  the  largest  elevation  and  distance  differences  from  other  stations  recorded 
on  Saval  Ranch.   January  and  July  were  tested  to  represent  the  extremes  of 
seasonal  differences. 

2.  The  correlation  between  the  actual  daily  precipitation  and  the  estimated 
daily  precipitation  is  exactly  the  same  as  the  correlation  between  the 
reference  station  and  the  estimated  station  for  the  same  period  of  time.   This 
underlines  the  importance  of  using  an  appropriate  reference  station. 

3.  Correlations  between  sites  can  be  somewhat  erratic  from  year  to  year, 
especially  during  the  summer  months.   The  year  to  year  fluctuations  can  be 
smoothed  out  by  calculating  the  correction  factor  from  monthly  totals  averaged 
over  several  years.   The  correlation  between  actual  and  estimated 
precipitation  would  then  be  equal  to  the  correlation  between  the  sites 
averaged  over  that  period  of  years  rather  than  for  that  particular  month  and 
year.   For  the  winter  months,  the  long-term  correlation  is  actually  somewhat 
stronger  than  the  average  of  correlations  based  on  correction  factors 
calculated  each  year  for  the  same  period  (Table  1.1).   However,  in  the  summer 
the  long-term  correlation  is  not  as  good  as  the  average  for  the  same  period, 
suggesting  that  summer  correction  factors  should  be  calculated  every  year  for 
each  summer  month. 

4.  The  above  method  will  not  work  if  the  reference  station  did  not  have 
precipitation  but  the  estimated  site  did. 

5.  The  number  of  days  of  precipitation  at  each  site  will  affect  the 
distribution  of  monthly  total.   If  the  reference  site  has  more  days  with 
precipitation,  the  estimates  will  be  too  small  and  frequent;  if  the  reference 
site  has  fewer  days  with  precipitation,  the  estimates  will  be  high  for  each 
day  with  precipitation  and  not  frequent  enough. 

6.  The  error  in  the  estimates  for  Station  #11  generally  ranged  from  an 
average  of  about  .01  to  about  .09  inches  per  event  (Table  1.2). 

Estimating  at  an  Ungaged  Site 

Kriging: 

Kriging  is  a  spatial  interpolation  technique  which  provides  an  optimal 
estimate  of  the  interpolated  surface  (i.e.,  minimum  error).   Contour  maps  of 
estimated  values  can  be  produced,  as  well  as  maps  of  the  accuracy  of  the 
estimates.   The  advantage  of  kriging  over  ordinary  least-squares  surface 
fitting  techniques  is  that  the  estimated  values  at  observation  sites  are  equal 
to  the  actual  measurements.   Kriging  was  explored  as  a  possible  route  for 
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Table  1.1.   Correlation  from  estimating  station  #11 

Correction  factor  from  one  year,  one  month  date 


January 

Fron 

Sta: 

1380 

1981 

1982 

1982 

i9e4 

1985 

Ave.  " r 

=  —   —  ~  — 

—  —  — 

=  =  =  =  = 

====== 

====== 

====== 

====== 

====== 

======= 

1 

.  971 

.  964 

.  538 

,  987 

.  957 

.  942 

.  892 

2 

.  968 

.  981 

.  774 

.  827 

.  853 

.  941 

.  891 

3 

.  955 

.  9S3 

.  917 

.  920 

.  830 

QT"? 

.  921 

4 

.  932 

.  ess 

.  787 

.  910 

.  899 

.  854 

.  877 

5 

.  894 

.  552 

.  765 

.  895 

.  671 

.  715 

.  749 

6 

.  943 

.  922 

.  932 

•  £  &  u 

.  614 

.  897 

.  855 

7. 

.  980 

.988 

.  788 

.  956 

.  951 

.  955 

.  940 

a 

.  955 

.  911 

.  974 

.  909 

.  529 

.  958 

.  873 

3 

.  933 

.  635 

.  721 

.  891 

.  553 

.  131 

.  645 

10 

981 

.  988 

-  966 

.  929 

.  929 

.  955 

.  950 

1980- 


,  955 
,  938 
948 
914 
819 
921 
970 
942 
855 
953 


July 

From  Sta:  1930   1931   1982   1983   1934   1985   Ave.  " r "  19S0-5"r" 


3 
4 

5 
6 
7 
8 
9 
10 


884 

.  924 

.  950 

681 

.  759 

.  975 

775 

.  410 

.  967 

731 

.  035 

QO^ 

797 

.  706 

.  933 

821 

.  154 

.  923 

585 

.  051 

.  i3a 

173 

.  344 

.  942 

809 

.  103 

.  898 

924 

.  215 

.  971 

514 

«  a  .sL  wJ 

321 

.  639 

599 

.  848 

.772 

.  648 

rn* 

.  759 

.731 

.  628 

719 

.  817 

.  547 

.  795 

570 

.  671 

.  737 

.  742 

555 

.  782 

.669 

.  748 

537 

.  826 

.  459 

.  415 

734 

.  445 

.529 

.  684 

073 

.  791 

.  536 

.  455 

694 

.  277 

.  516 

.  662 

♦sor.e  reference  stations  did  not  have  precipitation 
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Table   1.2.      Differences  between  actual   and  estimated  precipitation 

Average    for  each  month,    in   inches 
Estimating   station   #11  with   1  year   correction   factors 

January 

From  Sta:  1980   1981   1982   1983   1984   1985   Ave. "r1 


1 

.  055 

.  027 

.  049 

.  017 

.  012 

.  942 

.  893 

2 

.  052 

.  023 

.  250 

.  065 

.  020 

.  031 

.  891 

3 

.  060 

.  023 

.  095 

.  039 

.  012 

.  020 

.921 

4 

.075 

.  C37 

.  049 

.  042 

.  012 

.  035 

.877 

5 

.088 

.  065 

.  065 

.  045 

.020 

.  044 

.  749 

6 

.096 

.  027 

.  034 

.  057 

.  018 

.  029 

.  865 

7 

.  045 

.  015 

.  035 

.  020 

.  014 

.  018 

.  940 

a 

.  072 

.  036 

.  024 

.  047 

.  024 

.  019 

.  873 

Q 

.  080 

.  063 

.  058 

.  049 

.  020 

.  087 

.  645 

0 

.  050 

.  013 

.  038 

.  035 

.  012 

.  025 

.960 

[uly 


From  Sta:  1980   1981   1982   1983 


1 

.081 

.  016 

.  038 

2 

.  090 

.  020 

.  034 

3 

.092 

.  022 

.  060 

4 

.  115 

.  Ujo 

.  083 

5 

.  098 

.  018 

.  079 

6 

.  094 

.  032 

.  075 

7 

.  103 

.  035 

.  244 

S 

.  141 

.  025 

.  082 

9 

.  093 

.  034 

.  098 

0 

.  082 

.  030 

.  047 

984 

1985 

Ave. "r " 

BSSS 

======= 

r======== 

114 

.  050 

...  821 

087 

.055 

.772 

072 

.  063 

.  731 

069 

.  055 

.  647 

083 

.  055 

.  737 

089 

.  051 

.  559 

093 

.  057 

.  469 

052 

.  077 

529 

094 

.  054 

.  525 

074 

.  085 

.  516 

*Some  reference  stations  did  not  receive  precipitation 
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estimating  precipitation  at  an  ungaged  site  from  surrounding  gages,  but  was 
eventually  dismissed  because  it  is  expensive  (computer  time)  and  required 
quite  a  bit  of  operator  judgment.   In  short,  there  is  no  cookbook  method  of 
using  kriging  (or  any  spatial  statistics). 

In  kriging,  the  variable  (e.g.  rainfall  at  site)  is  considered  to  be  a 
function  of  some  predictable  "trend"  or  "drift",  and  a  random  component.   In 
simple  kriging,  the  drift  is  considered  to  be  constant;  in  universal  kriging, 
a  low-order  polynomial  is  normally  used  to  explain  the  drift.   Removing  the 
drift  essentially  gives  all  observation  sites  the  same  mean  value. 

A  semivariogram  is  developed  to  relate  the  variance  of  the  difference  between 
rain  gage  measurements  to  the  distance  between  gaged  sites.   An  assumption  of 
isotropic  conditions  (meaning  that  the  direction  in  which  distance  is  measured 
doesn't  affect  the  statistics)  is  made,  or  another  analysis  can  be  performed 
to  account  for  anisotropy.   Therefore,  data  sets  should  be  divided  into 
homogeneous  subsets.   For  rain  gage  data,  it  might  be  desirable  to  separate 
ridgetop  data  from  valley  data — desirable,  but  perhaps  not  practical  because 
of  sparsity  of  data. 

Partitioning  data  into  homogeneous  subsets,  developing  the  semivariogram  and 
calculating  the  drift  are  all  interactive  processes.   Thus,  an  iterative 
approach  is  necessary.   Obtaining  an  acceptable  theoretical  semivariogram  may 
be  a  circuitous  and  time-consuming  task.  The  theoretical  semivariogram  is 
developed  by  fitting  a  curve  to  observed  semivariances .  However,  the  kriging 
itself,  for  contour  mapping,  is  relatively  simple. 

Kriging  offers  some  valuable  features,  such  as  a  contour  map  of  the  accuracy 
of  the  interpolated  surface.   However,  simplifying  assumptions  to  reduce  the 
complexity  of  the  technique  to  a  manageable  level  may  invalidate  the  final 
product.   It  should  be  relegated  to  the  category  of  "appealing,  but  still 
experimental". 

Inverse  Weighting: 

Precipitation  was  estimated  for  a  test  site  where  actual  precipitation  was 
known  using  the  following  formula  for  weighting  precipitation  by  distance  and 
by  elevation: 

n 

B      Pi 

Estimate  Precipitation      3.-1      3y 

.__     j_ 

Z  cTi 

1-1 

where  P  =  Precipitation  at  gage  i 

d-£  =  distance  between  gate  i  and  test  site 
n  =  number  of  gages  used  to  obtain  estimate 

The  distance-weighted  estimates  and  elevation-weighted  estimates  were  then 
used  to  a  regression  to  construct  a  regression  equation  to  predict  other  days 
of  precipitation  (Table  1.3).   Although  the  average  error,  in  inches,  did  not 
vary  too  much  better  January  and  July,  the  amount  of  precipitation  associated 
with  each  event  was  less  in  the  summer  making  the  error  porportionately 
greater. 
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Table  1.3.   Average  difference  between  actual  daily  ppt.  and  estimate  (for 
days  with  actual  ppt.  only)  -  in  inches 


July  -  Estimating  Station  #11 


CORRECTION  FACTOR 


Inverse 

Estimating  #11 

Estimating 

#11 

Best 

Weighting 
.077  inches 

From  #10 

From  #2 

Estimate 

1980 

.041  inches 

.103  inches 

.041  (#10) 

1981 

.011 

.041 

.023 

.011  (#9) 

1982 

.08.1 

.059 

.040 

.040  (#2) 

1983 

(0  ppt.) 

(0  ppt.) 

(0  ppt.) 

(0  ppt.) 

1984 

.123 

.093 

.213 

.085  (#8) 

1985 

.048 

.095 

.043 

.040  (#1) 

Ave rag 

e 

Difference : 

.068 

.066 

.084 

.043 

Actual 

Daily 

Average  =  .117 

(for 

days  with  ppt) 

January  -  Estimating  Station  #11 


1980 

.057 

inches 

.049 

1981 

.022 

.024 

1982 

.033 

.033 

1983 

.049 

.039 

1984 

.009 

.011 

1985 

.022 

.033 

Average 

Difference : 

.032 

.032 

.070 
.028 
.129 
.075 
.023 
.025 


,058 


,049 
,024 
,033 
,039 
,011 
025 


030 


(#10) 
(#10) 
(#10) 
(#10) 
(#10) 
(#2) 


Actual  Daily  Average: 
(for  days  with  ppt) 


,117 
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Regressions  were  tested  for: 

1.  Forcing  line  through  (0,0,0)  (i.e.,  BQ  set  to  0) 

2.  BQ  included 

3.  All  zero  data  excluded  (either  actual  or  estimate  =  0) 

4.  Only  (0,0,0)  data  excluded  (both  actual  and  estimate  =  0) 

It  was  determined  that  when  B0  was  included,  it  was  very  close  to  0,  so  the 
equation  found  by  forcing  through  the  origin  is  probably  satisfactory,   it  was 
also  determined  that  there  wasn't  much  difference  between  results  obtained  by 
excluding  zero  data  in  either  actual  or  estimate  data,  and  excluding  zero  data 
in  both  actual  and  estimate,  so  eliminating  all  zero  data  to  reduce  the  volume 
of  numbers  in  the  regression  analysis  is  acceptable. 

Because  of  the  large  variation  in  regression  coefficients  from  gage  to  gage, 
all  of  the  data  were  included  to  obtain  one  regional  equation: 

Y=0.4316X1  +  0.6224x2         R2=0.58 

where  X]_  =  distance-weight  estimate 
X2  =  elevation-weight  estimate 

This  relationship  can  probably  be  improved  by  seasonal  sorting. 

The  inverse-weight  estimating  method  really  amounts  to  a  fancy  way  of 
averaging.   Effects  of  terrain  are  not  well  accounted  for  and  sites  at  the 
elevation  extremes  appear  to  be  over-  and  under-estimated.   Two  methods  of 
proportioning  by  elevation,  while  maintaining  the  distance  weighting  concept 
were  tested: 

1.   Proportioning  by  ratio  of  elevation  at  estimate  site  to  elevation  at  gage  i 

n  elev  (index) 

Estimate  Precipitation  ■  Z       P^   elev  (i) 

1=1      3][ 


_ ^  _ 

E       di 
1-1 

This  was  not  an  improvement. 

2.   Sorting  by  season  (October-May  and  June -Sept ember)  and  elevation 
proportioning 

n     P^  +  slope  (elev(index)-elev  (i)) 
E  cfi  ~ 


Estimate  Precipitation  -  1-1 


n  1 

E 

1=1 


E  di 
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where  slope  is  the  slope  of  the  line  obtained  by  regressing  precipitation  vs. 
elevation,  separately  for  each  season.   This  method  is  more  flexible  and 
attempts  to  adjust  for  precipitation/elevation  trends.   It  is  perhaps  the 
right  concept  but  the  wrong  indexing  factor. 

Correction  Factor 

A  "regional"  regression  equation  was  developed  for  the  Saval  Ranch  area  using 
the  elevational  change  between  two  sites  and  the  distance  between  those  two 
sites  to  estimate  a  correction  factor.   The  correction  factor  was  defined  as 
the  ratio  of  total  monthly  precipitation  at  the  two  sites.   From  the  equation, 
a  correction  factor  can  be  derived  between  a  gaged  site  and  an  ungaged  site 
based  on  the  elevational  change  and  distance  between  the  two  sites. 
Multiplying  the  known  daily  precipitation  by  the  correction  factor  provided  an 
estimate  of  daily  precipitation  at  the  ungaged  site.   A  site  with  known  actual 
daily  precipitation  was  used  as  the  test  site  to  compare  actual  and  estimated 
daily  precipitation.   Different  regional  equations  were  developed  for  summer 
(June-September)  and  winter  (October-May): 

Summer:  Y=. 9764941  +  ,0003027Xi  +  .0117764X2 
R2=  0.845 

Winter:  Y=. 8916851  +  .0006935X1  +  .0527200X2 
R2=  0.813 

where  X^  =  elevational  change 
X2  =  distance 

The  accuracy  of  the  estimates  depends  on  the  relationship  between  the  gaged 
and  the  ungaged  site.   Table  1.3  displays  the  estimate  errors  with  the  errors 
from  the  inverse  weighting  method.   Generally,  the  amount  of  error  produced 
from  each  method  is  comparable  if  the  appropriate  station  is  used  for 
estimations  using  a  correction  factor.   In  July,  the  station  producing  the 
best  estimate  varied  from  year  to  year,  perhaps  underlining  the  erratic  nature 
of  convectional  storms;  in  January,  the  station  providing  the  best  estimates 
was  much  more  predictable.   The  correction  factor  should  be  a  useful 
indication  of  the  relationship  between  the  sites;  factors  close  to  1.0  would 
indicate  small  elevation  changes  and  distances.   It  would  be  possible  to 
average  or  weight -average  estimates  from  surrounding  gages  rather  than 
depending  on  one  site.   The  regression  equation  allows  extrapolation  beyond 
the  topographical  extremes,  but  accuracy  is  expected  to  drop  outside  the 
bounds  of  measured  changes.   Overall,  the  correction  factor  method  may  provide 
more  flexibility  than  the  inverse  weighting  method,  but  when  correlations  are 
erratic,  the  inverse  weighting  method  may  integrate  the  areas  precipitation 
better. 

References  Cited 
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PART  B:   Streambank  Soil  Freezing  and  Vegetation  Freezing: 
A  Factor  in  Streambank  Stability* 

Carolyn  Bohn 

Abstract 

Winter  soil  temperatures  were  measured  in  streambanks  under  different 
vegetation  and  snow  cover  conditions  in  northeastern  Nevada  (Table  1.4). 
Grass  and  snow  cover  provided  significant  streambank  insulation  at  two 
different  elevations  and  aspects  when  compared  to  bare  soils  (Tables  1.5  and 
1.6).   Grass  cover  moderated  average  maximum  and  minimum  soil  temperatures, 
reduced  average  daily  soil  temperature  fluctuations  and  decreased  the  number 
of  days  when  the  soil  temperature  fell  below  0  degrees  centigrade  (Table 
1.7).   From  previous  research  on  horizontal  soil  surfaces,  it  is  known  that 
frost-heaving  and  freeze-thaw  cycles  alter  soil  strength.   Therefore,  it  is 
postulated  that  the  formation  of  soil  ice  weakens  the  internal  structure  of 
streambanks,  leaving  the  banks  less  able  to  resist  disturbance  from  high 
velocity  run-off  flows  and  ice-floes,  or  overburden  pressure  exerted  on  the 
weight-bearing  strata.   The  temperature  modifications  resulting  from 
vegetative  cover  appear  to  be  sufficient  to  reduce  the  number  of  freeze-thaw 
cycles  along  the  streambank  face.   Riparian  management  should  be  designed  to 
provide  sufficient  vegetative  cover  over  the  winter  to  insulate  streambanks 
and  maintain  soil  strength. 


*Paper  to  be  published  in  Amer.  Fish.  Soc.  Symp.  Ser. ,  1989. 
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Table  1.4  Temperature  Station  Descriptions 


PAIR  1 

:     PAIR  2 

:   PAIR  3 

:   PAIR  4 

Elevation 

5860  ft. 

5860  ft. 

6720  ft. 

6720  ft. 

Aspect 

east-facing 

west-facing 

west-facing 

:  east-facing 

Veg.  Cover 

grass  &     : 
litter 

sparse  grass 
litter,  shrub 

:  grass  & 
litter 

grass  & 
:    Litter 

Depth  of 
Cover 

1-2  cm 

1-2  cm 

1-2  cm 

1-2  cm 

Period  of 
Record 

1/2-5/6    : 
1987      ; 

1/2-5/6      : 
1987 

2/12-5/13   ; 
1987      : 

2/12-5/13 
1987 

Snow-Free 
Sample  Days 

60       : 

4 

60 

31      : 

31 

Table  1.5  Paired  T-Tests,  Snow  vs.  No  Snow 

(3  degrees  freedom) 


Temp.  Parameter 

Ave.  Daily  Maximum 
Ave.  Daily  Minimum 
Ave.  Daily  Change 


Grass  Cover  "T' 

8.483398** 

4.979872* 
5.780179* 


Bare  Soil  "T" 

5.9954** 
2.5237  n.s. 
6.05351** 


significant  at  0.01  level 
significant  at  0.02  level 
n.s.   not  significant 
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Table  1.6  Paired  T-Test,  Grass  Cover  vs.  Bare  Soil 
No  Snow  Conditions   (3  degrees  Freedom) 


Temp.  Parameter 


'T"  Value 


Ave.  Daily  Maximum 
Ave.  Daily  Minimum 
Ave.  Daily  Change 


3.5684* 

10.456** 

4.7416* 


**  significant  at  0.01  level 
*  significant  at  0.05  level 


Table  1.7  Percent  of  Days  with  Temperature  Change 
Crossing  Freezing No  Snow  Cover 


Grass  Cover 

Bare  Soil 

Pair  1, 

lower 

48% 

90% 

Pair  2, 

lower 

47% 

88% 

Pair  3, 

upper 

39% 

65% 

Pair  4, 

upper 

52%      : 

71% 
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PART  C:   Understanding  Groundwater  in  Riparian  Areas* 

C.  Bohn  and  K.  Gebhardt 

Abstract 

Water  can  enter  the  floodplain  along  snowmelt-fed  streams  from  three 
directions:   (1)  through  the  streambanks  from  the  stream;  (2)  up  from  the 
saturated  zone  by  capillary  pull;  and  (3)  down  from  the  surface  infiltration 
of  rain,  melting  snow  or  overbank  flow.   In  all  cases,  soil  texture  determines 
how  fast  the  water  moves  through  the  soil.   Water  can  be  held  near  the  soil 
surface  for  relatively  longer  periods  by  fine  soils  with  slow  water  movement. 
The  saturated  zone  will  drop  off  rapidly  from  the  stream  surface  in  coarse 
soils,  but  can  spread  out  away  from  the  stream  while  slowly  dropping  in  fine 
soils.   A  transect  of  piezometer  wells  running  perpendicular  to  a  lower 
elevation  (5960)  stream  reach  in  northern  Nevada  demonstrates  a  saturated  zone 
dropping  from  the  elevation  of  the  stream  surface  to  lower  elevations  across 
the  floodplain  (Figure  1.11).   In  the  unsaturated  zone,  water  can  rise  higher 
in  fine  grained  soils  than  in  coarse  soils,  given  enough  time.   Water  moving 
from  a  finer  soil  layer  to  a  coarser  layer  will  stop  until  the  fine  layer  is 
saturated  and  gravity  pulls  it  into  the  larger  pores.   Along  a  stream,  the 
upper  layer  of  fine  soil  may  hold  the  moisture  at  a  level  available  to  plants 
once  the  soil  is  recharged.   However,  if  the  stream  channel  has  downcut  below 
the  layer  of  fine  soil,  water  will  not  enter  the  upper  layer  through  the  banks 
or  by  overbank  flow.   When  water  moves  through  the  soil  from  a  coarser  layer 
to  a  layer  of  finer  pore  spaces,  the  movement  slows  down  considerably  but  will 
proceed.   If  the  coarse  layer  is  not  thick,  roots  may  reach  the  top  of  the 
fine  soil  for  water.   However,  new  seedlings  and  shallow-rooted  plants  depend 
on  moisture  near  the  surface;  coarse  soils  that  move  water  rapidly  must  be 
replenished  throughout  the  growing  season.   This  is  possible  only  while  the 
stream  remains  in  contact  with  the  upper  soil;  downcut  streams  may  recharge 
only  the  upper  profile  during  high  flows  and  cannot  draw  water  up  to  the 
coarser  layer  from  finer  pores  by  capillarity.   Beaver  ponds  are  one  way  to 
keep  the  water  surface  high  enough  to  recharge  coarse  soil  throughout  the 
growing  season.   This  is  demonstrated  by  a  mid-elevation  (6400  ft.)  transect 
through  a  beaver  pond  and  across  gravel  deposited  by  the  1984  flood,  underlaid 
by  coarse  soils. 

Three  high  elevation  (7600  ft.)  transects  show  a  relationship  between  depth  to 
water  table  and  riparian  vegetation  community  (Figure  1.12).   Depth  to  water 
table  is  the  result  of  two  independent  processes-the  groundwater  movement  and 
the  land  surface  contours.   Plant  communities  not  only  respond  to  the  water 
table,  they  also  affect  it  by  drawing  water  out  of  the  soil  which  creates 
moisture  gradients  and  soil  water  movement. 

Groundwater  behavior  in  riparian  areas  is  very  complex.   However,  an 
understanding  of  the  governing  principles  will  help  managers  approach  problems 
with  ephemeral  and  intermittent  streams,  dewatered  meadows,  plant  communities, 
and  alluvial  flow  between  pools  and  riffles. 


*Summary  of  a  presentation  made  at  Riparian  Management  Workshop,  University  of 
Idaho,  January  27-28,  1988. 
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17  July  1987        Lower  Gance  Site,  Transect  #1 
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PART  D:  Methods  of  Estimating  Mean  Annual  Runoff 
in  the  Northern  Great  Basin* 

Carolyn  Bohn  and  Karl  Gebhardt 

Many  times,  wildland  watershed  managers  do  not  have  the  opportunity  to  choose 
between  using  a  measurement  or  an  estimate,  but  must  try  to  make  a  good 
estimate  from  rough  data.   This  is  particularly  true  in  the  northern  Great 
Basin  where  large  expanses  of  land  and  limited  budgets  result  in  a  paucity  of 
gaged  streams.   Nonetheless,  streamflow  estimates  are  necessary  for 
adjudication  of  water  rights,  agricultural  planning,  mining  operations  and 
fisheries  management.   Although  several  estimation  techniques  are  available, 
most  techniques  fall  into  one  of  three  categories:   (1)  channel  geometry 
relationships;  (2)  altitude/precipitation  relationships  (3)  rainfall/runoff 
computer  models.   In  this  study,  one  representative  of  each  category,  selected 
for  its  applicability  to  the  northern  Great  Basin,  was  tested  against  measured 
flow  data  from  second  and  third  order  streams  at  two  elevations  in  northern 
Nevada.   The  computer  model  tested  is  a  Simulator  for  Water  Resources  in  Rural 
Basins  (SWRRB) . 

The  test  shows  difficulties  with  all  methods.   The  altitude-runoff  method 
produced  close  estimates  at  the  lower  elevations  but  fell  seriously  short  of 
the  measured  values  at  the  higher  elevation  station,  possibly  reflecting  a 
problem  in  estimating  the  correct  values  for  runoff  per  unit  area.   The 
primary  difficulty  with  the  channel  geometry  method  may  be  locating  stable  but 
representative  reaches;  where  poor  land-management  has  resulted  in  a  widened 
or  destabilized  channel,  the  equations  can  over-estimate  the  flow.   Training 
and  judgment  are  necessary  parts  of  this  method.   SWRRB  input  requirements 
necessitate  a  higher  level  of  experience  and  judgment  than  the  other  methods 
but  let  the  operator  tailor  the  program  to  specific  watershed  conditions. 
Once  a  watershed  has  been  adequately  described,  the  model  can  also  estimate 
hydrographs,  peak  flows  and  other  hydrologic,  climatic  and  vegetative 
parameters,  and  can  be  used  to  estimate  changes  in  those  parameters  under 
other  management  conditions.   Unlike  the  other  methods  which  generate 
estimates  based  on  long-term  averages,  SWRRB  can  estimate  an  actual  annual 
response  based  on  measured  weather  data.   However,  the  personal  computer 
version  of  SWRRB  is  newly  developed  and  required  several  adjustments  to  run 
smoothly. 


*Summary  of  paper  presently  being  prepared  for  publication.   Contact  Gebhardt 
for  further  information. 


32 


•  "-T-— — "— -" 


CHAPTER  2 

STUDY  OF  FACTORS  INFLUENCING  SECONDARY  SUCCESSION 

Richard  E.  Eckert,  Jr.  and  Fay  L.  Emmerich 


Summary 

A  supplemental  watering  regime  based  on  precipitation-probability  was 
evaluated  as  a  mechanism  by  which  the  depressing  effects  of  competition  and 
unfavorable  soil-surface  characteristics  are  mitigated  enough  to  allow 
secondary  succession  to  advance.   Supplemental  water  did  not  have  as  large  an 
influence  on  seedling  performance  as  expected.   However,  some  additional  water 
did  improve  growth  and  survival  of  crested  wheatgrass  and  Thurber  needlegrass 
seedlings  on  some  sites  in  all  years.   Overwinter  survival  of  seedlings  was 
increased  markedly  by  supplemental  watering  during  the  previous  growing 
season.   Additional  water  did  not  improve  second  year  survival.   Brush 
competition  did  not  decrease  the  density  of  seedlings  and  1-year-old  plants 
but  did  reduce  plant  height  and  basal-area  growth.   Soil-surface  type  affected 
seedling  density  only  on  the  May  sample  date  and  was  influenced  by  the  effect 
of  October  to  May  precipitation  on  crust  hardness. 

These  results  suggest  that  an  effective  grazing-management  program  could 
improve  the  chances  of  secondary  succession  with  a  low  precipitation- 
probability  event.   For  example,  proper  livestock  grazing  would  allow  a 
favorable  soil-surface  to  develop,  allow  desirable  species  to  produce  a  large 
crop  of  viable  seed,  and  plant  these  seeds  in  desirable  microsites.   Then 
conditions  for  seed  germination,  seedling  emergence  and  growth,  and  seedling 
survival  are  enhanced  when  an  episodic  precipitation  event  occurs. 

This  study  also  suggested  additional  approaches  to  further  evaluate  the 
effects  of  episodic  low  probability  precipitation  events  on  secondary 
succession.   Additional  water  could  be  added  in  March  and  April  to  evaluate 
effects  on  crust  hardness  early  in  the  spring  when  seeds  germinate  and 
seedlings  emerge.   Lower  probability  events  than  used  in  the  present  study 
could  be  applied  periodically  during  the  seedling  year  when  seedlings  are 
under  great  stress  rather  than  weekly.   Water  treatments  also  could  be  applied 
to  intact  microsites  rather  than  to  a  prepared  seedbed  as  in  the  present  study. 

Introduction 

Secondary  succession  depends  upon  periodic  natural  recruitment  of  new 
individuals  of  desirable  species  to  replace  plants  of  less  desirable  species. 
Natural  population  and  seeding  studies  (Stephens,  1980;  Eckert  et  al.  1986b) 
have  shown  that  some  plant  establishment  occurred  in  competitive  situations  on 
certain  soil-surfaces  types  and  microsites.   Most  established  plants  were  of 
exotic  or  increaser  species  such  as  crested  wheatgrass  (Agropyron  desertorum) , 
sagebrush  (Artemisia  tridentata),  squirreltail  (Sitanion  hystrix),  and 
Sandberg  bluegrass  (Poa  sandbergii).   The  question  arises,  what  factor,  or 
factors,  or  factor  interactions  can  mitigate  environmental  stress  enough  to 
permit  periodic  establishment  of  decreaser  grasses? 
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Many  authors  have  shown  the  futility  of  seeding  semiarid  rangelands  without 
adequate  weed  control.   In  grazing  management,  the  problem  of  natural 
revegetation  of  desirable  species  is  intensified  because  resident  woody  and 
herbaceous  species  compete  with  seedlings  of  desirable  species  for  water  and 
nutrients.   Blaisdell  et  al.  (1982),  in  Idaho,  and  Eckert  and  Spencer  (1986), 
in  Nevada,  attributed  a  lack  of  a  vegetation  response  after  10  years  of 
rest-rotation  grazing  management  partially  to  competition  from  sagebrush.   In 
order  for  secondary  succession  to  advance,  some  mechanism  must  function  under 
this  extremely  competitive  condition  in  order  for  seed  of  desirable  species  to 
germinate,  for  seedlings  to  emerge  and  survive,  and  for  plants  to  establish. 
Land  managers  should  consider  the  level  of  competition  in  a  plant  community 
when  stating  management  objectives. 

Different  kinds  of  soil-surface  morphological  types  have  been  recognized  on 
xerollic  Orthids  and  Argids  in  the  Intermountain  Area  (Hugie  and  Passey  1964; 
Eckert  et  al.  1977).   Information  is  available  on  the  chemical  and  physical 
characteristics  of  these  surfaces  (Wood  1976),  the  potential  of  these  surfaces 
for  secondary  succession  (Harper  et  al.  1965;  Eckert  et  al.  1986b),  and  the 
relation  between  ecological  range  condition  and  proportion  of  these  surfaces 
(Eckert  et  al.  1986a).   In  order  for  secondary  succession  to  advance,  some 
mechanism  must  function  to  insure  seed  germination,  seedling  emergence  and 
survival,  and  plant  establishment  on  these  different  soil  surfaces.   Land 
managers  should  recognize  the  presence,  proportion,  and  properties  of  these 
surface  types  when  stating  management  objective. 

In  arid  and  semiarid  regions,  soil  water  needed  for  seed  germination,  seedling 
growth,  and  plant  establishment  is  depleted  by  evapo-transpiration  and 
replenished  by  precipitation.   Several  studies  have  shown  the  effects  of 
supplemental  irrigation  on  available  soil  water  and  on  seed  germination  and 
seedling  survival.   Roundy  (1985)  found  that  supplemental  irrigation  of  at 
least  140  mm  from  April  through  June  was  required  for  seeding  survival  of 
Magnar  basin  wildrye  (Elymus  cinereus)  on  a  nonsaline  soil.   These  results 
were  obtained  on  a  site  where  brush  competition  had  been  eliminated.   Frazier 
et  al.  (1984,  1985)  found  that  under  greenhouse  conditions  some  warm-season 
grasses  germinated  rapidly  during  a  wet  period  but  died  during  the  following 
short,  dry  period.   Other  species  developed  enough  vigor  to  survive  a  short* 
dry  period. 

Noy-Meir  (1973)  and  Went  (1956)  suggested  that  natural  establishment  of  native 
species  in  harsh  environments  occurs  only  in  years  of  unusually  high 
precipitation.   Episodic  increases  in  the  amount  of  available  soil  water  may 
be  the  principal  mechanism  by  which  the  depressing  effects  of  competition  and 
unfavorable  soil-surface  conditions  are  mitigated  enough  to  allow  secondary 
succession  to  advance.   By  identifying  species  response  to  periods  of 
favorable  soil  water  and  drought  conditions,  it  may  be  possible  for  the  land 
manager  to  use  precipitation  probabilities  to  more  precisely  state  management 
objectives  and  to  interpret  reasons  for  recruitment  or  lack  of  recruitment  of 
new  plants  of  desirable  species. 

A  study  was  conducted  from  fall  1984  through  fall  1987  to  evaluate  fall  and 
spring  seedling  emergence  and  plant  establishment  of  exotic  and  native 
mcreaser  and  decreaser  grasses  in  response  to  precipitation  probability 
treatments  applied  to  2  soil-surface  types  on  cleared  and  brush  areas. 
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Site  Description  and  Methods 

The  study  was  conducted  on  northeastern  Nevada  on  3  ecological  sites:  Loamy 
8-10",  Loamy  10-12",  and  Claypan  10-12".   Soil  on  the  Loamy  8-10"  sites  is  a 
fine,  montmorillonitic,  mesic  Xerollic  Durargid  (Hunnton  series).   Potential 
vegetation  is  Wyoming  big  sagebrush  (Artemisia  tridentata  ssp.  wyomingensis) 
the  dominant  overstory  shrub  with  Thurber  needlegrass  (Stipa  thurberana)  and 
blue bunch  wheatgrass  (Agropyron  spicatum)  the  important  understory  grasses. 
Present  vegetation  lias  a  total  shrub  cover  of  21%  comprised  of  17%  Wyoming  big 
sagebrush  and  4%  green  rabbitbrush  (Chrysothamnus  viscidif lorus) .   Understory 
grasses  are  Sandberg  bluegrass  and  squirrelta.il.   Soil  on  the  Loamy  10-12" 
site  is  a  fine,  montmorillonitic,  frigid  Aridic  Durixeroll  (Stampede  series) . 
Potential  vegetation  is  basin  big  sagebrush  (Artemisia  tridentata  ssp. 
tridentata)  and  antelope  bitterbrush  (Purshia  tridentata)  in  the  overstory 
with  bluebunch  wheatgrass  the  most  important  understory  grass.   Present 
vegetation  has  a  total  shrub  cover  of  40%  composed  of  10%  basin  big  sagebrush, 
11%  bitterbrush,  and  19%  green  rabbitbrush.   Understory  grasses  are  Sandberg 
bluegrass  and  squirreltail  with  widely  scattered  plants  of  bluebunch 
wheatgrass  and  Thurber  needlegrass.   Soil  on  the  Claypan  10-12"  site  is  a  very 
fine,  mixed,  frigid  Abruptic  Aridic  Durixeroll  (Donna  series).   Potential 
vegetation  has  early  sagebrush  (Artemisia  longiloba)  in  the  overstory  with  an 
understory  of  Thurber  needlegrass,  bluebunch  wheatgrass,  and  Idaho  fescue 
(Festuca  idahoensis).   Present  vegetation  has  a  total  shrub  cover  of  24% 
composed  of  23%  early  sagebrush  and  1%  green  rabbitbrush.   Understory  grasses 
are  Sandberg  bluegrass,  squirreltail,  and  Webber  ricegrass  (Oryzopsis  webberi). 

Two  levels  of  brush  competition  were  studied.   Existing  shrub  cover  on  1  block 
was  left  intact.   This  would  simulate  conditions  for  secondary  succession 
under  brush  competition.   On  another  block,  shrubs  were  removed  manually  with 
minimal  soil  disturbance.   This  would  simulate  conditions  for  secondary 
succession  after  fire  or  chemical  brush  control.   These  blocks  were  15  x  15  m 
in  size.   Within  each  brush  treatment,  5.0  x  7.5  m  areas  were  delineated  in  6 
replications.   Within  each  of  these  areas,  8,  0.1  m^  circular  plots  were 
located  at  random,  4  on  coppice  type  soil  and  4  on  interspace  type  soil. 
Coppice  type  soil  is  found  under  shrubs  from  the  trunk  to  about  the  drip 
line.   The  interspace  type  soil  is  found  in  the  openings  between  shrubs. 
Precipitation  treatments  were  assigned  at  random  to  each  soil-surface  plots. 
These  treatments  for  fall-emerged  seedlings  were  natural  precipitation  from 
August  to  October,  and  simulated  rainfall  equal  to  5,  25,  and  50%  probability 
of  weekly  fall  precipitation  (Table  2.1).   Treatments  for  spring-emerged 
seedling  were  natural  May  to  October  precipitation,  and  simulated  rainfall 
equal  to  5,  25,  and  50%  probability  of  weekly  precipitation  from  May  to 
October  (Table  2.2). 

Each  precipitation-treatment  plot  was  subdivided  into  4,  250  cm^  quarter- 
circle  seeding  subplots.   Seeding  rate  on  each  subplot  was  100  viable  seeds  of 
the  exotic  bunchgrass,  'Nordan'  crested  wheatgrass;  and  the  native 
bunchgrasses,  bluebunch  wheatgrass,  squirreltail,  and  Thurber  needlegrass. 
Seedings  were  made  in  August  1984  and  1985  to  evaluate  fall  emergence  in  these 
years,  and  in  October  1984,  1985,  and  1986  to  evaluate  spring  emergence  in 
1985,  1986,  and  1987.   Coppice  and  interspace  soils  were  prepared  for  seeding 
by  hand  cultivating  the  surface  5  cm  of  soil  to  remove  any  herbaceous 
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Table  2.1.  Total  of  natural  and  simulated  precipitation  (mm) 
present  on  each  precipitation  treatment  for  fall  1984  emerged 
seedlings. 


Fall 

1984  emerged 

seed! 

ings 

Range  site  and 

precipitation  treatment 

Aug . 1 

Sept.2 

Total 

Loamy  8-10" 

Natural,  by  month 

2.5 

12.7 

15.2 

50%  Probability 

2.5 

12.7 

15.2 

25%  Probability 

5.1 

22.9 

28.0 

5%  Probability 

15.2 

61.0 

76.2 

Loamy  10-12" 


Natural,  by  month 
50%  Probability 
25%  Probability 
5%  Probability 


5.1 

15.2 

20.3 

7.6 

12.7 

20.3 

10.2 

30.5 

40.7 

20.3 

83.8 

104.1 

Claypan  10-12 


Natural,  by  month 
50%  Probability 
25%  Probability 
5%  Probability 


5.1 

15.2 

20.3 

5.1 

15.2 

20.3 

7.6 

25.4 

33.0 

20.3 

73.7 

94.0 

1  From  Aug.  20 

2  Until  Oct.  2 
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Table  2.2.   Monthly  and  seasonal  total  water  (mm)  added  for  each 
simulated-precipitation  treatment  for  spring-emerged  seedlings. 
This  amount  is  adjusted  downward  for  any  natural  precipitation. 


Site  and 

Month 

Precipitation 

Probability  (%) 

May 

June 

July 

Aug. 

Sept. 

Total 

Loamy  8-10" 

50 

30 

15 

13 

5 

13 

76 

25 

38 

28 

18 

8 

18 

110 

5 

69 

76 

61 

41 

41 

288 

Loamy  10-12" 

50 

24 

15 

15 

8 

15 

77 

25 

43 

30 

20 

13 

23 

129 

5 

94 

99 

81 

53 

56 

383 

Claypan  10-12" 

50 

30 

10 

10 

5 

13 

68 

25 

41 

25 

18 

10 

18 

112 

5 

74 

89 

68 

46 

48 

325 
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vegetation,  and  to  level  the  soil  surface  for  subsequent  water  application. 
While  the  seedbed  was  being  prepared,  gypsum  soil  moisture  blocks  were  placed 
at  depths  of  2.5,  5.0,  10,  and  15  cm  in  2  of  the  6  replications.   Seed  was 
broadcast  on  randomly  selected  plots  and  mixed  with  the  surface  cm  of  soil. 

The  amount  of  water  added  was  based  on  the  probability  of  weekly  precipitation 
amounts  in  Elko,  NV  (Gifford  et  al.  1967)  and  adjusted  for  the  higher 
precipitation  regime  at  the  study  sites.   Water  was  applied  with  a  sprinkling 
can  once  a  week  on  an  area  of  0.2  m^,  twice  the  size  of  the  seeded  area. 
This  larger  area  provided  a  buffer  strip  outside  of  the  seeded  area.   Water 
was  retained  on  the  plot  area  by  2  metal  rings  2  cm  in  height.   One  ring 
enclosed  the  0.2  m^  area  and  1  ring  enclosed  the  0.1  m^  area.   The  inner 
ring  was  divided  into  250  cm^  quadrants  to  correspond  to  species  subplots. 
When  pressed  into  the  soil,  these  rings  acted  as  a  double-ring  infiltrometer. 
Water  could  be  applied,  and  in  some  cases  shallowly  ponded,  without  movement 
among  the  seeded  subplots,  between  the  inner  and  outer  rings,  or  outside  the 
outer  ring. 

Species  density  and  average  number  and  length  of  leaves  of  individual  plants 
were  determined  in  October  for  fall-emerged  seedlings,  and  in  May,  June,  July, 
and  August  for  spring-emerged  seedlings.   First-year  survival  of  spring-emerged 
seedlings  was  also  determined  the  year  after  emergence.   In  May  1986,  a  sample 
of  1-year  old  plants  in  the  5  and  25%  precipitation  treatments  in  the  brush 
and  clear  areas  was  selected  at  random  in  3  replications  and  received  natural 
precipitation  and  the  5%  precipitation  treatment  in  the  spring,  summer,  and 
fall  of  second  growing  season  to  evaluate  the  effects  of  additional  water  on 
plant  establishment.   In  May  1987,  surviving  1-year  old  plants  on  all 
precipitation  treatments  were  randomized  into  2  replications  and  received 
natural  precipitation  and  the  5  and  25%  precipitation  treatments  in  the 
spring,  summer,  and  fall  of  1987  to  evaluate  plant  establishment  at  the  end  of 
the  seond  growing  season.   Density,  basal  area,  and  height  of  plants  receiving 
precipitation  treatments  and  plants  receiving  no  additional  water  was 
determined  in  October.   Soil  moisture  blocks  in  the  seeded  plots  were  read 
immediately  before  water  was  applied,  about  1  hour  after  water  application, 
and  daily  for  up  to  5  days  after  water  application.   Soil  moisture  blocks  used 
in  another  study  but  on  same  area  were  read  periodically  to  determine  moisture 
depletion  at  15,  30  and  46  cm.  A  sample  of  blocks  used  was  calibrated  at 
-0.01,  -0.1,  -0.6,  and  -1.5  MPa  of  tension,  and  field  meter  readings  were 
converted  to  bars  of  tension. 

Experimental  design  within  each  brush-competition  treatment  was  a  2x4x4 
factorial  with  6  replications.   Plant-density  data  were  analyzed  by  analysis 
of  variance  to  determine  treatment  effects  and  interactions  for  soil-surface 
types,  species,  dates,  and  precipitation-probability  treatments.   Significant 
(P  <0.05)  means  were  determined  by  Duncan's  multiple  range  test. 

Results  and  Discussion 

Fall  Emergence 

Fall  emergence  as  a  means  of  secondary  succession  was  evaluated  because  both 
shrubby  and  herbaceous  vegetation  is  dormant  at  this  time  of  year.   Since 
transpiration  would  be  at  a  low  level,  competition  for  soil  moisture  would  be 
much  less  than  in  the  spring.   Water  loss  from  the  surface  soil  where 
germination  and  emergence  occur  in  the  fall  is  mostly  from  evaporation. 
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Seedings  for  the  fall  emergence  study  were  made  in  early  August  1984  and 
1985.   Some  emergence  of  crested  wheatgrass  was  noted  on  the  Loamy  10-12"  site 
by  the  end  of  August  on  coppice  soil.   Emergence  of  crested  wheatgrass  on  the 
Claypan  site  occurred  on  the  coppice  soil  in  mid  September,  and  emergence  on 
the  Loamy  8-10"  site  on  coppice  soil  was  not  noted  until  the  first  of 
October.   Seedling  density  of  this  species  ranged  from  5  to  20  plants/250 
cm^  on  at  least  1  replication  of  the  5,  25,  and  50%  precipitation- 
probability  treatments.   Emergence  of  other  species  was  noted  by  the  end  of 
August  on  the  Loamy  10-12"  site,  by  mid  September  on  the  Claypan  site,  and  by 
the  first  of  October  on  the  Loamy  8-10"  site.   Emergence  was  low,  erratic 
among  treatments,  and  plumules  were  barely  visible.   In  most  instances, 
seedlings  occurred  on  coppice  soil.   Seedling  density  in  early  October  (Table 
2.2)  was  much  more  uniform  among  soil,  species,  and  precipitation  treatments 
than  in  late  August.   A  large  decrease  in  density  of  crested  wheatgrass 
between  August  and  October  indicates  considerable  mortality  between  the  early 
and  late  sample  dates. 

Density  data  obtained  the  first  week  in  October  showed  few  seedlings  of  any 
species  on  either  soil  on  the  natural  precipitation  treatment  at  any  site.   An 
example  of  density  data  is  given  for  the  Loamy  10-12"  site  in  Table  2.3.   On 
the  2  Loamy  sites,  the  greatest  seedling  densities  occurred  on  the  5  and  25% 
probability  treatment.   On  the  Claypan  site,  the  greatest  seedling  density  was 
found  on  the  5%  probability  treatment.   On  both  Loamy  sites  in  both  brush 
treatments  significantly  more  seedlings  emerged  on  the  coppice  soil  than  on 
the  interspace  soil.   On  the  Claypan  site  in  both  brush  treatments,  seedling 
densities  were  similar  on  coppice  and  interspace  soil.   In  all  comparisons, 
creased  wheatgrass  produced  the  most  seedlings,  while  the  other  3  species  had 
similar  densities. 

Density  determination  in  spring  1985  showed  less  than  0.1  plants /250  cm2  of 
bluebunch  wheatgrass,  squirreltail,  or  Thurber  needlegrass  on  any  site  and 
with  most  plants  on  coppice  soil  receiving  the  5  and  25%  precipitation 
treatments  the  preceding  fall.   Average  density  of  crested  wheatgrass  on  the  2 
Loamy  sites  was  1.7  plants/250  cm2,  and  0.4  plants/250  cm2  on  the  Claypan 
site.   Again,  most  of  these  plants  were  on  coppice  soil  receiving  the  5  and 
25%  precipitation  treatments.   Although  plant  densities  were  similar  on  the 
brush  and  clear  areas,  surviving  plants  were  taller  and  had  more  leaves  on  the 
clear  area. 

By  fall  1985,  the  year  after  emergence,  the  only  plants  present  were  scattered 
individuals  of  crested  wheatgrass  and  Thurber  needlegrass  that  had  emerged  in 
fall  1984,  survived  the  winter  of  1984-85,  and  established  during  the  growing 
season  of  1985.   Establishment  was  suggested  by  the  large,  multileaf  plants  of 
each  species  and  by  seed  production  by  crested  wheatgrass.   These  plants  were 
present  only  on  the  cleared  area,  on  coppice  soil,  and  on  plots  receiving  the 
5  and  25%  precipitation  probability  treatments  in  the  fall  1984.   Plant 
density  1  year  after  emergence  was  very  low.   However,  the  effects  of 
additional  soil  moisture  at  time  of  germination  and  emergence  and  the  effects 
of  no  brush  competition  and  coppice  soil  for  an  entire  year  appeared  to  favor 
over-winter  survival,  growth,  and  establishment  during  the  following  growing 
season. 

Soil  water  was  depleted  to  a  depth  of  46  cm  on  all  sites  at  the  time  of 
seeding  in  August.   Therefore,  the  only  water  available  for  germination  and 
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Table  2.3.   Mean  seedling  density/250  cm2  in  October  1984  on  the  Loamy  10-12' 
range  site  in  response  to  brush  competition,  soil  surface  type,  simulated- 
precipitation,  and  species  main  effects.   Seed  was  planted  in  August  1984. 


Competition  level 


With  brush 
Without  brush 


Main  effects 


Soil-surface  type 

Coppice        Interspace 

2.9  a1  0.8  b 

3.2  a  2.9  a 


Natural  and  Precipitation  Probability  (%) 


Natural 

50 

25 

5 

With  brush 

0.0  c 

2.5 

b 

2.0  b 

3.1  a 

Without  brush 

0.7  c 

2.3 

b 

5.2  a 

4.1  a 

Species 

Crested 

Blue bunch 

Thurber 

wheatgrass 

wheatgrass 

S 

quirreltail 

Needlegrass 

With  brush 

3.1  a 

1.7 

b 

1 

3  b 

1.4  b 

Without  brush 

4.6  a 

3.4 

b 

2 

2  b 

2.1  b 

Seedling  density  means  within  each  brush  treatment  of  each  main  effect 
followed  by  the  same  letter  are  not  significantly  different  (P  <0.05). 
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emergence  was  the  small  amount  supplied  by  natural  rainfall  and  that  provided 
by  the  simulated-precipitation  treatments  (Table  2.1).   On  the  Loamy  8-10" 
site,  only  the  5%  precipitation  treatments  applied  from  August  to  mid 
September  affected  soil-water  tension  at  2.5,  5.0,  10,  or  15  cm.   After  mid 
September  when  temperatures  cooled,  all  precipitation  treatments  increased 
soil  water  at  depths  of  2.5  and  5.0  cm  and  some  seedlings  emerged.   On  the 
Claypan  site,  the  5  and  25%  precipitation  treatments  affected  a  soil-water 
tension  in  August,  mostly  at  2.5  and  5.0  cm  on  coppice  soil.   However, 
seedlings  did  not  emerge  until  mid  September  when  all  precipitation  treatments 
increased  soil  water  at  depth  to  15  cm.   On  the  Loamy  10-12"  site,  all 
simulated  precipitation  treatments  increased  soil  water  to  depths  of  5.0  cm 
starting  in  mid  August  and  this  effect  was  most  evident  on  coppice  soil,  and 
crested  wheatgrass  seedlings  were  noted  by  the  end  of  August.   On  all  sites, 
the  interspace  soil  dried  more  rapidly  than  did  the  coppice  soil,  and  both 
soils  on  the  brush  areas  dried  more  rapidly  than  did  soil  in  the  clear  areas. 
After  mid  September  and  into  October,  soil  water  tension  remained  below  -0.6 
MPa  for  up  to  5  days  on  clear  areas  and  for  2  days  on  brush  areas. 

Based  on  results  from  the  precipitation-probability  treatments  applied  in  the 
fall  of  1984  and  1985,  fall  emergence  does  not  appear  to  be  an  important 
mechanism  for  secondary  succession.   Plant  establishment  from  fall  emergence 
does  occur  in  the  more  mesic  and  cooler  parts  of  the  Intermountain  region.   In 
drier  area  represented  by  our  study  sites,  evaporation  of  water  from  the 
surface  soil  in  excess  of  that  applied  prevents  the  longevity  of  low  water 
tensions  required  for  seed  germination,  emergence,  and  survival  of  seedlings 
until  a  more  mesic  and  cooler  period  in  the  fall.   However,  soil  temperature 
at  this  time  may  be  too  low  for  germination.   Establishment  of  a  few  plants  of 
crested  wheatgrass  and  Thurber  needlegrass  on  coppice  soil  in  clear  areas 
suggests  that  fall  emergence  could  be  a  mechanism  for  secondary  succession  in 
years  with  much  higher  precipitation  than  that  used  in  this  study. 

Spring-Emerged  Seedlings 

Results  for  spring-emerged  seedlings  are  divided  into  3  time  periods,  early 
May  for  newly  emerged  seedlings,  June  and  July  for  seedling  response  during 
the  growing  season,  and  August  or  September  for  survival  at  the  end  of  the 
first  growing  season.   Since  simulated-precipitation  treatments  were  not 
initiated  until  mid  May,  seedling  densities  in  early  May  represent  natural 
emergence  from  a  fall  seeding. 

Precipitation 

October  to  May  and  total  yearly  precipitation  was  greatest  in  1985-86  and 
lowest  in  1984-85  (Table  2.4).   Growing-season  precipitation  was  greatest  in 
1985  on  the  2  Loamy  sites  and  in  1987  on  the  Claypan  site.   A  thunderstorm 
accounted  for  the  high  July  and  growing-season  precipitation  on  the  latter 
site.   In  spite  of  1986-87  precipitation  being  intermediate  in  amounts  among 
the  3  years,  seedling  density  of  all  species  in  May  was  very  low,  or 
non-existent  on  the  Loamy  8-10"  and  Claypan  sites.   Further  sampling  of  these 
two  sites  was  not  warranted.   Therefore,  sampling  in  1987  was  conducted  only 
on  the  Loamy  10-12"  site. 
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Table  2.4.   October  to  May,  growing  season,  and  total  precipitations  (mm)  for 
3  sites  over  3  years. 


Total 

Year  and 
Site 

Oct-May 

May 

June 

July 

Aug. 

Sept. 

Growing 
Season 

Total 
Year 

1984-85 

Loamy  8-10" 
Loamy  10-12" 
Claypan  10-12" 

111.8 

137.2 
94.0 

25.0 
20.3 
25.0 

12.7 

12.7 

7.6 

12.7 
15.2 
10.2 

2.5 
5.1 
2.5 

12.7 
15.2 
12.7 

espi- 
es. 5 

58.0 

177.4 
205.7 

152.0 

1985-86 

Loamy  8-10" 
Loamy  10-12" 
Claypan  10-12" 

254.0 
302.6 
243.8 

15.2 
7.6 
7.6 

10.2 
15.2 
10.2 

27.9 
25.4 
20.3 

2.5 
2.5 
0.0 

7.6 
5.1 
7.6 

63. 42 

55.8 

45.7 

319.4 
358.4 
289.5 

1986-87 

Loamy  8-10" 
Loamy  10-12" 
Claypan  10-12" 

156.1 
176.1 
142.8 

16.1 
16.8 
25.1 

11.5 
4.1 
7.9 

18.7 

8.2 

40.6 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

46.33 

29.1 

73.6 

202.4 
205.2 
216.4 

1  From  May  7  to  Sept.  23 

2  From  May  19  to  Sept.  22 

3  From  May  21  to  Sept.  15 
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Species  Response  to  Soil  Surface  and  Simulated  Precipitation 

In  early  May,  overall  seedling  densities  were  similar  in  1985  (3.1  plants/250 
cm2)  and  in  1986  (3.7  plants),  and  much  lower  in  1987  (0.9  plants).   Crested 
wheatgrass  and  Thurber  needlegrass  had  the  highest  initial  densities  over  the 
3  years,  but  these  densities  represent  only  a  small  percentage  of  the  number 
of  viable  seeds  planted.   In  May  1985,  density  of  crested  wheatgrass  was 
greater  than  that  of  Thurber  needlegrass  on  all  sites  (Table  2.5).   In  1986, 
density  of  crested  wheatgrass  was  greater  than  that  of  Thurber  needlegrass  on 
the  Loamy  8-10"  (8.3  and  3.9  plants,  respectively)  and  Claypan  sites  (8.0  and 
6.0  plants,  respectively),  but  density  of  the  two  species  was  similar  (6.3  and 
5.0  plants,  respectively)  on  the  Loamy  10-12"  site.   In  1987,  density  of 
needlegrass  was  greater  than  that  of  crested  wheatgrass  on  the  Loamy  10-12" 
site  (3.1  and  0.6  plants,  respectively).   Emergence  of  bluebunch  wheatgrass 
and  squirreltail  was  very  low  in  all  years  and  their  response  to  variables  was 
difficult  to  assess  because  of  the  small  populations.   In  general,  emergence 
of  bluebunch  wheatgrass  was  highest  on  the  Loamy  10-12"  site  where  this 
species  is  an  important  component  of  the  Potential  Natural  Community. 

In  May  1985,  emergence  of  crested  wheatgrass  and  Thurber  needlegrass  was 
greater  on  coppice  soil  than  on  interspace  soil  (Table  2.5).   In  1986, 
seedling  density  on  the  Loamy  8-10"  site  was  greater  on  coppice  soil 
(4.7  plants/250  cm2)  than  on  interspace  soil  (3.4  plants).   However,  on  the 
Loamy  10-12"  site  more  seedlings  emerged  on  the  interspace  soil  (4.3  plants) 
than  on  the  coppice  soil  (3.0  plants).   Emergence  on  the  Claypan  was  similar 
on  the  2  soils.   In  1987,  seedling  density  on  the  Loamy  10-12"  site  was 
greater  on  coppice  soil  (1.6  plants /250  cm2)  than  on  the  interspace  soil 
(0.3  plants).   The  differential  response  to  soil-surface  type  is  probably 
related  to  the  interaction  between  kind  of  soil  surface  and  October  to  May 
precipitation.   Past  research  (Wood  et  al.  1975)  showed  that  while  a  dry, 
crusted  interspace  soil  does  impede  seedling  emergence,  a  moist  interspace 
soil  does  not  impede  emergence.   In  the  2  drier  years  of  1984-85  and  1986-87, 
the  dry  friable  surface  of  a  coppice  soil  was  a  better  medium  for  seedling 
emergence  than  was  a  dry  interspace  soil.   In  the  wetter  year  of  1985-86,  the 
moist  interspace  surface  was  an  equal  or  better  medium  for  emergence  than  was 
the  moist  coppice  soil,  at  least  on  the  Claypan  and  Loamy  10-12"  sites. 

A  significant  species  x  soil  interaction  was  noted  in  May  1985  (Table  2.5)  and 
in  1987.   The  difference  between  seedling  densities  of  crested  wheatgrass  and 
needlegrass  on  coppice  soil  was  less  than  on  interspace  soil  on  the  Loamy 
8-10"  and  Claypan  sites.   This  indicates  that  crested  wheatgrass  can  emerge 
satisfactorily  from  both  kinds  of  soil  surface  but  that  needlegrass  emerges 
much  better  on  coppice  soil  than  on  interspace  soil.   Emergence  of  the  2 
species  was  similar  on  both  soil  surfaces  on  the  Loamy  10-12"  site.   Soil  on 
this  site  is  a  mollisol,  and  differences  between  coppice  and  interspace 
surfaces  are  less  pronounced  than  on  the  aridisol  on  the  Loamy  8-10"  site  and 
the  mollisol  on  the  Claypan  site. 

The  data  collected  between  the  spring  and  fall  sample  dates  represent  species 
response  to  variables  during  the  growing  season.   Seedling  densities  in  June 
of  all  years  were  similar  to  those  in  May.   The  greatest  seedling  mortality 
occurred  after  June,  then  densities  in  July  were  similar  to  those  on  the 
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Table  2.5.   Mean  seedling  density/250  cm2  of  4  species  on  2  soil-surface  types  on  3 
ecological  sites  with  shrub  cover  for  the  first  sample  date  in  1985  (May).   Plots 
were  planted  with  100  viable  seeds  in  October  1984. 


Species 
Crested  wheat grass 
Bluebunch  wheatgrass 
Squirreltail 
Thurber  needlegrass 


Loamy  8-10" 
Coppice  Interspace 
9.1  a1     6.6  b 
1.0  c      0.1  c 
0.2  c      0.2  c 
5.0  b      0.1  c 


Loamy  10-12" 

Coppice  Interspace 

8.9  a      5.7  b 

3.2  c      2.9  c 

0.4  d      0.4  d 

10.4  a      5.3  b 


Claypan  10-12" 
Coppice  Interspace 
6.0a  2.7b 
1.4  be  0.5  c 
1.4  be  0.2  c 
4.7  a      0.5  c 


Means  in  columns  and  rows  for  each  ecological  site  followed  by  the  same  letter 
are  not  significantly  different  (P<0.05). 


Table  2.6.   Mean  seedling  density /250  cm^  of  4  species  on  2  soil-surface  types  on  3 
ecological  sites  with  shrub  cover  for  the  last  sample  date  in  1985  (October).   Plots 
were  planted  with  100  viable  seeds  in  October  1984. 


Species 
Crested  wheatgrass 
Bluebunch  wheatgrass 
Squirreltail 
Thurber  needlegrass 


Loamy  8-10" 
Coppice  Interspace 
6.7  a1     2.9  b 
0.8  c      0.0  c 
0.2  c      0.0  c 
3.5  b      0.2  c 


Loamy  10-12" 
Coppice  Interspace 
5.5  b      1.6  c 
2.0  c      2.0  c 
0.0  c      0.0  d 
7.3  a      2.8  c 


Claypan  10-12" 
Coppice  Interspace 

4.3  a      1.5  b 

1.4  be     0.4  cd 
0.1  d      0.0  d 
2.4  b      0.2  d 


1  Means  in  columns  and  rows  for  each  ecological  site  followed  by  different  lett 
are  not  significantly  different  (P  <0.05). 


ers 
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August  or  September  sample  dates.   During  the  1985  growing  season,  density  of 
crested  wheatgrass  was  greater  than  or  equal  that  of  Thurber  needlegrass,  and 
densities  of  both  species  were  generally  greater  on  coppice  soil  than  on 
interspace  soil.   During  the  growing  season  of  1986  density  of  crested 
wheatgrass  was  generally  greater  than  that  of  Thurber  needlegrass  on  the  2 
Loamy  sites  while  the  reverse  was  true  on  the  Claypan  site.   On  the  Loamy 
8-10  site  more  seedlings  were  present  on  the  coppice  soil  while  more 
seedlings  were  present  on  the  interspace  soil  on  the  other  2  sites.   Durine 
the  growing  season  of  1987,  density  of  Thurber  needlegrass  was  greater  than 
for  crested  wheatgrass,  and  more  seedlings  were  found  on  coppice  soil  than  on 
interspace  soil. 

Simulated-precipitation  treatments  during  the  growing  season  were  significant 
on  the  cleared  area  of  the  Claypan  site  in  June  and  July  1985,  on  the  brush 
area  of  the  Loamy  8-10"  and  Claypan  sites  in  July  1986,  on  the  clear  area  of 
the  Loamy  10-12  site  in  June  and  July  1986,  and  on  the  brush  area  of  the 
Loamy  10-12  site  in  July  1987.   For  most  of  these  dates,  significantly  more 
seedlings  were  present  on  the  5  and  25%  or  the  5,  25,  and  50%  precipitation- 
probability  treatments  than  with  natural  precipitation.   In  1986  on  the 
cleared  area  of  the  Loamy  10-12"  site  in  June  and  July,  only  the  5%  treatment 
resulted  in  the  highest  seedling  density.   In  1985  and  1987,  the  5  and  25% 
precipitation-probability  treatments  applied  to  coppice  soil  resulted  in  the 
highest  seedling  densities.   For  example,  in  June  1985  on  the  cleared  area  of 
the  Claypan  site  the  highest  seedling  density  was  14.7  plants/250  cm2  for 
crested  wheatgrass  with  the  5%  treatments  followed  by  12.2  plants  for  Thurber 
needlegrass  with  the  25%  treatment.   The  next  highest  density  was  10.8  plants 
of  crested  wheatgrass  with  the  25%  treatment  and  7.0  plants  of  needlegrass 
with  the  5%  treatment. 

r^S  don^ty  ln   faU  rePresents  seedlings  surviving  the  first  growing  season 
Uable  2.6j>.   Species  densities  and  species  response  to  soil-surface  types  at 
tne  end  of  each  growing  season  was  similar  to  responses  determined  for  the 
first  and  subsequent  samples  during  the  growing  season.   In  most  comparisons, 
more  seedlings  were  found  on  coppice  soil  than  interspace  soil,  except  in  1986 
when  the  reverse  was  true,  and  density  of  crested  wheatgrass  was  greater  than 
or  equal  to  that  of  Thurber  needlegrass.   Density  of  both  species  was 
significantly  greater  than  for  bluebunch  wheatgrass  or  squirreltail. 
Precipitation-probability  treatments  were  significant  in  1985  on  the  cleared 
area  of  the  Loamy  10-12"  site,  in  1986  on  the  brush  area  of  the  Claypan  10-12" 
site  and  on  the  clear  area  of  the  Loamy  10-12"  site,  and  in  1987  on  both  the 
clear  and  brush  areas  of  the  Loamy  10-12"  site.   In  all  instances,  crested 
wheatgrass  and  Thurber  needlegrass  were  the  species  responding  to 
?qfiC,iP?fi  treatments  and  most  of  the  response  occurred  on  coppice  soil  in 
1985  and  1987.   In  3  comparisons,  the  5,  25,  and  50%  probability  treatments" 
resulted  In  significantly  higher  plant  densities  compared  to  the  natural 
precipitation  treatment.   In  1  comparison,  the  5  and  25%  treatments  resumed 
In  more  seedling  than  did  the  50%  and  natural  precipitation  treatments.   In  1 
comparison  only  the  5%  treatment  produced  the  greatest  number  of  seedlings. 
The  soil  x  water,  species  x  water,  and  species  x  soil  x  water  interactions 

^rfo»lg?X       °n  S°me  Sltes'  for  sample  the  clear  area  of  the  Claypan 
10-12  site  in  1985  (Table  2.7).   Here,  less  simulated  precipitation  was 
required  to  produce  the  highest  seedling  density  of  crested  wheatgrass  on 
coppice  soil  than  on  interspace  soil.   All  precipitation  treatments  on  coppice 
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Table  2.7.   Density  (plants/250  cm2)  of  seedlings  in  October  1985  of  2 
species  at  the  end  of  the  first  growing  season  the  on  clear  area  of  the 
Claypan  10-12"  site  in  response  to  natural  precipitation  and  to  simulated- 
precipitation  treatments  applied  on  2  soil  surfaces  from  May  to  October. 
Plots  were  planted  with  100  viable  seeds  in  fall  1984.   Seedlings  emerged  in 
spring  1985. 


Species  and  Soil 


Natural  and  Precipitation-Probability  (%)  Treatments 
Natural       50        25        5 


Crested  Wheatgrass 
Coppice 
Interspace 


3.4  c1 
1.6  d 


3.2  c 

2.3  cd 


7.5  a 

2.6  cd 


6.2  a 
4.5  b 


Thurber  Needlegrass 

Coppice 
Interspace 


2.2  cd 
0.3  d 


5.3  b 
0.7  d 


8.2  a 
0.5  d 


4.8  b 
1.0  d 


Means  in  columns  and  rows  followed  by  different  letters  are  not 
significantly  different  (P  <0.05). 
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soil  resulted  in  more  Thurber  needlegrass  plants  than  did  natural 
precipitation.   No  precipitation  treatment  resulted  in  an  increased  density  of 
needlegrass  on  interspace  soil. 

Size  of  crested  wheatgrass  and  Thurber  needlegrass  seedlings  from  spring  to 
fall  were  similar  in  1985  and  1986  on  all  sites.   In  May  of  these  years, 
crested  wheatgrass  seedlings  on  the  brush  area  of  all  sites  had  1-3  leaves, 
2-6  cm  tall.   Needlegrass  seedlings  had  1-2  leaves,  3-5  cm  tall.   On  the  clear 
area,  especially  in  1986,  plants  were  taller,  wheatgrass  up  to  10  cm  and 
needlegrass  up  to  7  cm.   By  June  1985  on  the  brush  area,  wheatgrass  plants  had 
2-4  leaves,  4-13  cm  tall.   Needlegrass  plants  had  3-7  leaves  up  to  9  cm  tall. 
In  1986,  some  wheatgrass  plants  had  multiple  culm  leaves  and  some  plants  were 
16  cm  tall.   On  the  clear  area  of  all  sites  in  1985  and  1986,  more  wheatgrass 
plants  had  multiple  culm  leaves  and  more  needlegrass  plants  produced  multiple 
tillers  particularly  on  the  5%  precipitation-probability  treatment.   In  the 
fall  on  the  brush  area,  wheatgrass  plants  were  up  to  22  cm  tall  and  produced 
multiple  culm  leaves.   Needlegrass  plants  were  up  to  11  cm  tall  and  produced 
multiple  tillers.   Most  plants  with  multiple  leaves  or  tillers  were  on  the  5 
and  25%  precipitation-probability  treatments.   On  the  clear  area,  a  few 
seedlings  of  both  species  had  multiple  leaves  or  tillers  on  the  natural- 
precipitation  treatment.   Many  more  plants  had  multiple  leaves  or  tillers  on 
the  5,  25,  and  50%  precipitation  treatments.   Plants  of  both  species  were 
smaller  in  1987  than  in  1985  or  1986.   In  1987  on  brush  and  clear  areas  of  all 
sites,  wheatgrass  under  natural  precipitation  did  not  produce  multiple  culm 
leaves  at  any  time.   It  did  produce  multiple  culm  leaves  by  fall  on  some  plots 
receiving  the  5  and  25%  precipitation  treatments.   Some  needlegrass  plants  had 
multiple  tillers  by  late  June  but  only  on  the  5  and  25%  precipitation 
treatments.   By  fall,  many  needlegrass  plants  had  multiple  tillers, 
particularly  on  the  5  and  25%  treatments  on  clear  areas. 

Soil-Water  Regime  for  the  Seedling  Year 

The  soil  profile  on  all  sites  was  wet  (-0.01  to  -0.20  MPa)  to  a  depth  of  46  cm 
in  mid  May  of  1985  and  1986.   Winter-spring  precipitation  in  1986-87  wet  the 
soil  to  30  cm  only  on  the  Loamy  8-10"  and  soil  was  not  wet  to  46  cm  on  any 
site.   In  all  years,  soil-water  tensions  were  above  -1.5  MPa  by  the  first  or 
second  week  of  June  at  15  cm,  by  the  first  to  third  week  of  June  at  30  cm,  and 
by  the  second  or  third  week  of  June  at  46  cm.   Therefore,  most  of  the  water 
available  for  seedling  growth  and  survival  was  that  supplied  by  the 
simulated-precipitation  treatments.   Before  application  of  water  each  week, 
soil-water  tensions  were  above  -1.5  MPa  at  2.5  and  5.0  cm  by  mid  May  to  mid 
June  1985  and  1987  and  by  mid  May  1986,  and  at  10  and  15  cm  by  the  end  of  June 
in  all  years . 

None  of  the  simulated-precipitation  treatments  or  natural  precipitation 
affected  soil-water  tensions  at  10  or  15  cm  after  May  1985,  late  July  1986  and 
late  June  1987.   Natural  precipitation  and  the  50%  precipitation-probability 
treatment  did  not  wet  the  soil  to  a  depth  of  2.5  and  5.0  cm  after  mid  June 
1985  and  1987,  and  mid  May  1986.   Only  the  5  and  25%  probability  treatments 
supplied  water  to  these  depths  after  these  dates. 

Interpretations  based  on  data  for  the  25%  probability  treatments  indicate 
that:  1)  This  treatment  influenced  soil-water  tensions  at  2.5  and  5.0  cm 
before  mid  May  to  mid  June  and  at  the  end  of  September;  2)  In  the  spring,  this 
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treatment  wet  the  soil  at  2.5  and  5.0  cm  to  below  -0.8  MPa  within  an  hour  of 
water  application;  3)  After  water  application,  soil-water  tensions  were  below 
-1.5  MPa  for  at  least  1  day  in  1985;  between  -0.1  and  -1.1  MPa  for  1  day, 
between  -0.6  and  -1.4  MPa  for  2  days,  and  below  -1.5  MPa  for  4  days  in  1986; 
and  from  -0.2  to  -1.2  MPa  for  2  days  in  1987;  4)  Lower  tensions  occurred  on 
coppice  soil  on  clear  areas;  5)  Higher  tensions  occurred  on  interspace  soil 
and  brush  areas;  6)  These  effects  persisted  for  up  to  2  weeks  longer  on  the 
Loamy  10-12"  site  than  on  the  other  sites;  7)  These  effects  persisted  for  up 
to  1  to  2  weeks  longer  on  coppice  soil  than  on  interspace  soil. 

Interpretations  based  on  data  for  the  5%  probability  treatment  indicate:  1) 
This  treatment  influenced  water  tensions  at  2.5  cm  for  most  of  the  growing 
season,  with  no  affect  from  mid  to  late  August  to  mid  September;  2)  This 
treatment  influenced  tensions  at  5.0  cm  only  until  mid  July  to  mid  August;  3) 
This  treatment  wet  the  soil  at  2.5  and  5.0  cm  to  less  than  -0.10  MPa  within  an 
hour  after  water  application;  4)  After  water  application,  tensions  were  below 
-1.5  MPa  for  at  least  2  days  each  week  in  1985,  below  -0.6  MPa  for  2  to  3  days 
in  1986,  and  below  -0.9  MPa  for  up  to  4  days  in  1987;  5)  These  effects 
occurred  longer  on  the  Loamy  10-12"  and  Claypan  sites  than  on  the  Loamy  8-10" 
site;  6)  These  effects  persisted  for  up  to  2  weeks  later  on  coppice  soil 
compared  to  interspace  soil;  7)  These  effects  persisted  for  up  to  2  weeks 
later  on  clear  areas  compared  to  brush  areas. 

Natural  precipitation  influenced  soil-water  tensions  only  once  during  the  3 
years.   About  25  mm  of  rain  fell  on  July  24  and  25,  1986.   Water  tensions  at 
depths  to  15  cm  remained  below  -1.5  MPa  for  5  to  13  days  on  the  Loamy  8-10" 
site,  5  to  11  days  on  the  Loamy  10-12"  site,  and  4  to  6  days  on  the  Claypan 
site.   The  shorter  period  of  moist  soil  occurred  at  the  2.5  and  5.0  cm  depths 
and  the  longer  periods  occurred  at  the  10  and  15  cm  depths. 

Density  and  Height  of  Surviving  Plants 

Spring  1986  and  1987 

Plants  present  in  spring  1986  from  spring  1985  emergence  (Table  2.8)  and  in 
spring  1987  from  spring  1986  emergence  represent  1-year  old  plants  that 
survived  1  growing  season  and  1  winter.   Overall  plant  densities  of  crested 
wheatgrass  and  Thurber  needlegrass  were  similar  in  1986  and  1987.   Plant 
densities  in  spring  of  each  of  these  years  showed  the  same  trend  as  that 
present  on  both  brush  treatments  in  fall  of  each  preceding  year,  i.e.,  crested 
wheatgrass  had  the  greatest  number  of  plants  in  most  comparisons,  was  equal  to 
Thurber  needlegrass  in  some  comparisons,  and  Thurber  needlegrass  generally 
second  ranked  except  on  the  Claypan  site  where  the  species  was  first  ranked. 
Generally  more  plants  of  these  2  species  occurred  on  the  coppice  soil  than  on 
the  interspace  soil  in  spring  of  both  years.   Highest  densities  of  crested 
wheatgrass  and  Thurber  needlegrass  occurred  on  the  coppice  soil  with  the  5  and 
25%  precipitation  treatments.   Simulated-precipitation  treatments  were 
significant  in  only  2  of  6  comparisons  in  fall  1985  and  1986.   Precipitation 
treatments  were  significant  in  5  of  6  comparisons  in  spring  1986  and  in  all 
comparisons  in  spring  1987.   Tills  response  suggests  that  additional  soil-water 
during  the  previous  growing  season  was  important  to  future  survival  of 
plants.   Density  of  surviving  plants  in  spring  1986  and  1987  was  similar  on 
brush  and  cleared  areas.   However,  plants  in  brush  areas  resembled  small  to 
large  seedlings  with  2  to  5  culms  up  to  5  cm  tall.   On  clear  areas,  crested 
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Table  2.8.   Mean  density  (plants/250  cm2)  in  May  1986  of  1-year  old  plants  of  4  species  on  the 
brush  area  of  2  ecological  sites  in  response  to  precipitation-probability  treatments.   Plots 
were  planted  in  October  1984  with  100  viable  seeds.   Seedlings  emerged  in  spring  1985. 


Loamy 

8-10" 

Claypan 

10-12" 

Natural  and 

Precipi 

tation-Probability  (%) 

Treatments 

Natural 

50 

25 

5 

Natural 

50 

25 

5 

Crested  wheatgrass 

1.2  cd1 

0.8  d 

3.9  b 

6.0  a 

0.1  b 

0.1  b 

1.8  a 

1.3 

a 

Bluebunch  wheatgrass 

0.2  d 

0.1  d 

0.2  d 

0.8  d 

0.0  b 

0.0  b 

0.0  b 

0.0 

b 

Squirreltail 

0.1  d 

0.0  d 

0.0  d 

0.1  d 

0.0  b 

0.0  b 

0.0  b 

0.0 

b 

Thurber  needlegrass 

1.5  cd 

0.5  d 

0.4  d 

2.2  c 

0.0  b 

0.2  b 

1.8  a 

1.2 

a 

1  Means  in  columns  and  rows  for  each  ecological  site  followed  by  different  letter  are  not 
significantly  different  (P<0.05). 
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Table  2.9.   Mean  density  (plants/250  cm2)  0f  4  species  in  October  1 9Sfi 
after  2  growing  seasons  on  the  brush  area  of  3  ecological  sites!  lilt   are 
the  means  of  unwatered  plots  and  plots  receiving  the  57  trZlH  \        If  t 
were  planted  in  October  1984  with  100  viable  se!ds   ii^f        PJ0tS 
spring  1985.  viaDie  seeds.   Seedlings  emerged  in 


Loamy  8-10" 

Ecological 

site 

Loamy  10- 

L2" 

Claypan  10-12" 

Crested  wheatgrass 

3.5   a1 

1.3  b 

1.8  a 

Bluebunch  wheatgrass 

0.3  be 

0.3  c 

0.5  b 

Squirreltail 

0.0  c 

0.3  c 

0.0  b 

Thurber  needlegrass 

0.9  b 

2.4  a 

1.5  a 

1  Means  for  each  ecological  site  followed  by  different  letters  are  not 
significantly  different  (P<0.05), 
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wheatgrass,  bluebunch  wheatgrass,  and  Thurber  needlegrass  all  had  multiple 
culms  (over  8).   Crested  wheatgrass  plants  had  basal  areas  of  1  to 
3  cm  diameter,  while  bluebunch  wheatgrass  and  Thurber  needlegrass  plants 
formed  smaller  bunches  with  basal  areas  less  than  1  cm.   Squirreltail  plants 
did  not  form  bunches. 

Fall  1987  and  1988 

Plants  present  in  fall  1986  (Table  2.9)  and  1987  represent  survival  at  the  end 
of  the  second  growing  season.   In  both  years  watering  treatments  did  not 
affect  survival.   Plant  densities  were  higher  on  the  coppice  soil  than  on  the 
interspace  soil  on  the  Loamy  8-10"  and  Claypan  sites.   Plant  densities  on  the 
2  surface  types  were  similar  on  the  Loamy  10-12"  sites  where  the  coppice  and 
interspace  surfaces  are  more  similar.   In  fall  1986  for  example,  respective 
plant  densities  for  the  coppice  and  interspace  soils  were  1.8  and  0.5/250  cm2 
for  the  Loamy  8-10"  site,  and  1.6  and  0.3/250  cm2  for  the  claypan  site. 
Crested  wheatgrass  had  the  highest  density  on  the  Loamy  8-10"  site,  Thurber 
needlegrass  density  was  highest  on  Loamy  10-12"  site,  and  both  species  had 
similar  densities  on  the  Claypan  site  (Table  2.9).   Two-year  old  plants 
surviving  until  fall  of  1986  and  1987  on  all  sites,  without  brush,  both 
soil-surface  types,  and  all  simulated  precipitation  treatments  were  similar  in 
size.   A  few  plants  on  both  brush  treatments  on  the  Loamy  sites  resembled 
large  single-culmed  seedlings.   However,  most  crested  wheatgrass  plants  were 
up  to  18  cm  tall,  bluebunch  wheatgrass  up  to  15  cm,  and  Thurber  needlegrass  up 
to  11  cm.   These  plants  had  multiple  culms  and  were  in  distinct  bunches  with 
basal  areas  up  to  5  cm  for  crested  wheatgrass  and  1  cm  for  Thurber 
needlegrass.   On  the  brush  area  of  the  Claypan  site,  plant  height  did  not 
exceed  9  cm  for  crested  wheatgrass,  5  cm  for  bluebunch  wheatgrass,  and  8  cm 
for  Thurber  needlegrass  and  basal  areas  were  less  than  0.5  cm.   On  the  clear 
area  of  the  Claypan  site,  however,  plants  were  similar  in  size  to  those  on 
brush  and  cleared  areas  of  the  other  sites.   Crested  wheatgrass  was  the  only 
species  to  have  reproductive  culms  up  to  36  cm,  that  on  the  Loamy  10-12"  and 
Claypan  sites  in  1986  and  1987  on  clear  areas. 

Soil-Water  Regime  for  the  Second  Growing  Season 

Natural  precipitation  did  not  influence  soil-water  tensions  after  the  first 
week  in  June  to  a  depth  of  15  cm.   The  25%  precipitation-probability  treatment 
influenced  water  tensions  until  early  June  on  the  Loamy  8-10"  site,  and  mid 
June  on  the  Loamy  10-12"  and  Claypan  sites.   The  influence  of  this  treatment 
was  from  1  to  2  weeks  longer  at  the  2.5  and  5.0  cm  depths  compared  to  lower 
depths.   During  the  time  of  influence,  tensions  were  -0.02  to  -0.08  MPa  at  2.5 
and  5.0  cm  for  3  days  and  below  -0.5  MPa  at  other  depths  for  2-3  days.   After 
the  period  of  influence,  tensions  were  above  1.5  MPa  for  the  remainder  of  the 
growing  season.   The  5%  treatment  influenced  water  tensions  until  early  July 
on  the  Loamy  8-10"  site,  and  to  early  to  mid  August  on  the  Loamy  10-12"  and 
Claypan  sites.   This  influence  lasted  1  to  2  weeks  longer  on  the  clear  area 
compared  to  the  brush  area  and  1  week  longer  at  2.5  and  5.0  cm  than  at  10  and 
15  cm.   During  the  period  of  influence,  tensions  ranged  from  -0.02  to  -1.0  MPa 
for  1  day,  -0.07  to  -1.1  MPa  for  2  days,  and  -0.05  to  -.1.2  MPa  for  3  days. 
After  4  days  tensions  were  above  -1.5  MPa. 
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Densities  of  2-year-old  plants,  of  most  species,  on  most  sites,  soil  surfaces, 
and  precipitation  treatments  would  appear  adequate  for  secondary  succession. 
Two  factors,  however,  prevent  such  an  optimistic  view:   1)  Seed  was  mixed  with 
the  surface  soil  and  therefore  was  placed  in  a  condition  for  optimum 
germination.   Under  natural  conditions,  most  germination  would  have  to  occur 
in  seed  lying  exposed  on  the  soil  surface — a  very  unfavorable  environment.   2) 
Seed  rain  on  nearby  sites  was  from  1/4  (crested  wheatgrass)  to  1/100  (native 
species)  of  the  100  viable  seeds  planted  on  each  plot.   Seed  rain  was  also 
calculated  for  a  big  sagebrush — Thurber  needlegrass  ecological  site.   Even  on 
high  condition  sites,  little  or  no  seed  is  produced  in  some  years.   Seed  is 
not  required  for  secondary  succession  on  sites  in  late  serai  or  higher 
ecological  condition  because  plant  density  is  already  adequate  for  high  forage 
production.   Seed  production  is  very  low  on  sites  in  early-seral  or  mid-seral 
condition.   The  low  seed  rain  in  both  of  these  examples  greatly  exacerbates 
the  low  stand  densities  obtained  from  the  100  viable  seeds  planted  in  this 
study. 
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CHAPTER  3 

RIPARIAN  CLASSIFICATION  RESEARCH 

D.C.  Zamudio  and  S.  Swanson 


Introduction 

The  stream  to  soil  portion  of  the  riparian  classification  system  developed  by 
the  Nevada  Riparian  Management  and  Research  Task  Force  is  under  investigation 
(Swanson  et  al.).   The  research  focuses  on  geomorphic  relations  to  better 
understand  riparian  soil  characteristics,  boundaries  between  aquatic  and 
upland  areas  and  to  correlate  soils  and  boundaries  to  stream  and  floodplain 
hydraulic  geometry. 

A  preliminary  investigation  began  in  June  1986.   The  research  work  focused  on 
the  identification  of  two  components  at  a  high  level  of  the  classification 
hierarchy,  stream  types  and  soil  subsystems.   The  stream  types  classify 
stream  reaches  by  their  channel  morphology  (Rosgen  1985).   The  soil 
subsystems  are  adaptations  of  hydroriparian,  mesoriparian  and  xeroriparian 
wetland  types  (Johnson  et  al.  1981).   These  wetland  types  are  a  proposed 
subset  of  palustrine  wetlands  in  the  Classification  of  Wetlands  and  Deepwater 
Habitats  of  the  United  States  (Cowardin  et  al.  1979).   The  soil  subsystems 
classify  soil  profiles  by  wetness. 

The  criteria  for  stream  types  are  gradient,  sinuosity,  width  to  depth  ratio, 
dominant  particle  size  of  channel  materials,  channel  entrenchment,  valley 
confinement,  landform  features  and  soil/stability  (Rosgen  1985).   Cursory 
definitions  are  given  by  Rosgen  for  gradient,  sinuosity,  width  to  depth 
ratio.  Specific  numerical  values  are  given  for  these  criteria  in  Table  3.1. 
Although  adjective  values  of  deep,  moderate,  shallow,  slight  and  well  are 
given  for  channel  entrenchment  and  valley  confinement,  these  terms  are  not 
defined.   Unfortunately,  channel  entrenchment  and  valley  confinement  are  not 
common  terms  listed  in  a  dictionary  of  geologic  terms.   Precise  technical 
definitions  are  needed. 

Leopold  et  al.  1964  give  a  comprehensive  discussion  on  gradient,  sinuosity, 
width  to  depth  ratio  and  channel  material.   Stream  cross  sections  are 
explained  in  detail,  yet  no  mention  is  made  of  channel  entrenchment  and 
valley  confinement.   Fortunately,  a  very  clear  explanation  of  floodplain 
formation  based  on  Mackin's  description  is  given  along  a  discussion  on 
channel  changes  and  river  terraces.   An  entrenched  stream  is  a  class  of 
incised  channel  which  ranges  from  rill  to  rejuvenated  drainage  system  (Schumm 
et  al.  1987).   Unfortunately,  the  width  to  depth  ratios  of  3  to  4  used  to 
define  an  incised  channel  are  not  related  to  the  width  to  depth  ratios  of  8 
to  20  in  Rosgen' s  deeply  entrenched  channel.   These  undefined  terms  may 
become  a  problem  in  stream  identification. 

The  soil  subsystems  are  defined  by  wetness,  and  as  palustrine  they  are 
swamplands  in  geologic  terms.   No  specific  mention  is  made  of  fluvial 
processes  or  fluvial  surfaces  in  the  palustrine  definition  (Cowardin  et  al. 
1979).   This  may  be  a  problem  in  the  adaptation  of  hydroriparian, 
mesoriparian  and  xeroriparian  wetland  types  to  fluvial  systems. 
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The  hydroriparian  wetlands  have  hydric  soils  or  substrates  that  are  never  dry 
or  are  for  only  a  short  period.   Mesoriparian  wetlands  have  nonhydric  soils 
and  substrates  that  are  dry  seasonally.   Xeroriparian  wetlands  are  mesic  to 
xeric  with  higher  soil  moisture  than  the  surrounding  uplands,  yet  surface 
moisture  is  in  excess  of  local  rainfall  only  on  infrequent  occasions.   The 
soil  subsystems  are  defined  by  these  wetland  definitions  except  for  the 
portion  of  a  xeroriparian  wetland  which  is  not  distinct  from  the  upland  soil 
and  vegetation.   This  portion  does  not  show  evidence  of  saturation  and  would 
not  be  included  in  the  overall  riparian  ecosystem.   Wetness  is  specified,  yet 
all  other  soil  characteristics  are  undefined  (Johnson  et  al.  1981). 

The  lack  of  other  soil  characteristics  may  be  due  in  part  to  the  prevalent 
views  about  the  complexity  of  fluvial  surfaces  and  soil  genesis  on 
floodplains  (Bloom  1978,  Donahue  et  al.  1983).   Floodplains  are  formed  by 
lateral  and  vertical  mixing  of  alluvium.   The  mixing  produces  a  recent 
surface  for  soil  genesis.   The  floodplain  is  a  type  location  for  a  recent 
soil  with  no  profile  development,  the  Entisol  (Jenny  1980;  Boul  et  al. 
1980).   The  floodplain  is  the  flat  area  adjoining  a  river  (Dunne  and  Leopold 
1978)  which  is  in  part  a  transition  between  the  aquatic  and  the  terrestrial 
ecosystems.   Commonly,  a  floodplain  coincides  with  part  of  a  riparian  area. 

Preliminary  data  were  collected  from  California,  Gance,  Jim,  Mahala  and  Sheep 
creeks  in  Elko  County,  NV.   The  identification  samples  span  an  array  of 
stream  types  and  soil  profiles.   Seven  stream  types  from  steep  boulder 
channel  (A2)  to  low  gradient  gravel  bed  channel  (C3)  streams  were  sampled  at 
twenty-four  riparian  area  sites.   Soil  profiles  were  described  at  each  site. 
Profiles  were  located  along  the  stream  and  perpendicular  to  the  stream  to 
investigate  sediment  deposition  and  mixing.   One  hundred  and  seven  soil 
profiles  were  identified.   Sixty  seven  shallow  (  <1  meter)  observation  wells 
and  forty  eight  moisture  cells  were  installed  in  the  soil  profiles  at  the 
twenty-four  sites. 

Riparian  boundaries  at  each  site  appeared  to  coincide  with  changes  in 
vegetation  structure.   The  vegetation  form  changed  from  grass  or  grass-like 
in  the  floodplain/riparian  area  to  tall  shrub  in  the  toe  slope/transition 
area  and  low  shrub  in  the  upland. 

All  the  sites  were  in  alluvial  channels.   Presumably,  each  channel  should  be 
free  to  adjust  its  dimensions  (Schumm  1971).   Distinctive  sediment  deposition 
layers  and  areas  of  mixed  alluvium  associated  with  a  rapid  adjustment  were 
expected  (Dunne  and  Leopold  1978,  Ritter  1978),  but  were  rarely  found.   The 
soil  profiles  found  conformed  to  Mackin's  two-layer  description  about  the 
origins  of  floodplain  depositions  (Mackin  1937,  1943).   Silt  layers  over 
gravel  layers  were  found.   These  two-layer  floodplain  deposits  are  formed  by 
the  lateral  swing  of  a  stream  (Leopold  et  al.  1964,  Ritter  1978). 

No  soil  profile  data  are  given  in  Mackin's  work.   Soil  profile  observations 
are  provided  in  a  recent  methods  manual  (Platts  et  al.  1987).   In  situ 
development  is  observed  to  a  slight  degree  in  riparian  areas,  yet  it  is 
apparent  in  soils  above  the  floodwater  level.   In  contrast  to  these 
observations,  we  found  surface  organic  matter  accumulation  and  clay  increase 
in  the  profile.   There  was  sufficient  clay  increase  to  form  an  argillic 
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horizon,  yet  there  were  no  clay  skins  in  the  layer  of  clay  increase  (USDA 
Soil  Taxonomy  1975) .   The  organic  matter  accumulation  and  the  clay  increase 
are  indicative  of  stable  land  surfaces  (Boul  et  al.  1980). 

Soil  genesis  concepts  may  be  useful  for  identifying  and  understanding  soil 
characteristics  in  riparian  areas  in  light  of  the  soil  profile  data. 
Elevation  and  position  have  been  used  to  organize  soil  profile  data  (Platts 
et  al.  1987),  yet  soil  genesis  relationships  associated  with  elevation  and 
position  are  not  specified.   There  is  an  interest  in  using  soil  profile  data 
and  geomorphic  relationships  of  fluvial  surfaces  to  define  riparian  areas  in 
arid  areas  (Kovalchik,  1987).   There  is  a  long  history  of  research  on  soil 
genesis  in  relation  to  slope  and  position. 

Many  soil  properties  are  related  to  the  gradient  of  the  slope  as  well  as  the 
particular  position  of  the  soil  on  a  slope.   The  lateral  variability  on  a 
high  slope  is  called  a  catena  to  emphasize  that  each  soil  along  a  slope  bears 
a  distinct  relationship  to  the  soil  above  it  and  below  it  for  geomorphic  and 
genesis  reasons  (Milne  1935a) .   The  catenas  are  also  known  as  soil 
toposequences  (Jenny  1980).   Catenas  in  dry  climates  often  have  an  increase 
in  profile  development,  clay  percentage  and  moisture  retention  downslope 
(Nettleton  et  al.  1968).   Catenas  in  humid  climates  show  major  differences  in 
particle  size  distributions  and  wetness  (gleying)  (Birkland  1984).   The 
differences  in  gleying  are  due  to  local  factors  rather  than  the  regional 
climate  (Etherington  1975).   Soil-vegetation  catenas  have  been  defined  in  and 
above  riparian  areas  for  Mediterranean  type  ecosystems  (di  Casti  and  Mooney 
1973). 

If  soil  genesis  concepts  are  applicable  in  riparian  areas,  then  the  wetlands 
can  be  set  in  a  structure,  rather  than  arranged  at  random  on  the  landscape. 
This  structure  will  refine  the  riparian  area  definition  by  identifying 
several  distinctive  soil  characteristics  associated  with  wetness.   These  soil 
characteristics  will  also  be  useful  in  classification  and  delineation  of 
subsystem  wetlands. 

In  general,  position  and  gradient  data  are  needed  to  extend  the  fluvial 
geomorphological  concept  of  the  stream  types  laterally  into  the  riparian  area. 

The  research  work  in  1987  used  fluvial  geomorphology  and  soil  genesis  theory 
to  better  define  and  understand  the  association  between  stream  types  and  soil 
subsystems. 

Hypotheses 

1)  Gradients  from  stream  center  to  subsystems  wetland  types  are  proportional 
to  gradients  of  water  surfaces  in  stream.  Correlation  coefficients  should  be 
greater  for  analysis  by  stream  type. 

2)  Riparian/upland  boundaries  are  characterized  by  changes  in  vegetation 
form  and  soil  profiles. 

3)  Widths  of  riparian  areas,  as  characterized  by  changes  in  vegetation  form, 
are  proportional  to  widths  as  characterized  by  changes  in  soil  profiles. 
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4)  Widths  of  riparian  areas  are  inversely  proportional  to  gradients  of  water 
surfaces  in  stream  types. 

Experimental  Design 

The  experimental  design  for  the  riparian/upland  boundary  investigation  is  a 
Completely  Randomized  Design  with  a  stream  typeXposition  factorial 
arrangement.   It  is  a  3X3  factorial  experiment  with  representative  profile 
samples  in  each  position  on  random  transects.   Each  site  will  have  four 
positions,  south  outside,  south  inside,  north  inside  and  north  outside. 
Three  stream  types  will  be  found  with  three  reaches  per  type  for  nine  study 
sites. 

Completely  Random  Design 

Sample  Size: 

Three  Stream  Types              =  3 

x  Three  Stream  Reaches  Per  Type  =  9 

x  Four  Positions  Per  Reach       =  36 

x  Six  Soil  Profiles  Per  Position  =  216 


Table  3.1.   Geomorphic  Findings 
Stream  Type  Criteria 
Type       Bed 


C3 

Gravel 

B3 

Cobble 

B4 

Gravel 

indings 

Type 

Bed 

C3 

Gravel 

B3 

Cobble 

B4 

Gravel 

Gradient  % 

0.5-1.1 
1.5-4.0 
1.5-4.0 


Gradient  % 

0.89-0.98 
1.70-2.30 
1.50-1.60 


Entrenchment 

Moderate 
Moderate 
Deep 


Entrenchment 

One  fine /coarse  layer 
One  fine /coarse  layer 
2  or  3  fine/coarse  layers 


The  single  fine  over  coarse  layer  (Table  3.1)  denotes  a  stream  at  grade  which 
can  dissipate  its  flood  wave  and  store  flood  water  (Mackin  1948).   A  stream 
with  multiple  fine  over  coarse  layers  is  degrading. 

The  transition  soils  at  all  replicate  sites  contain  fine  over  coarse  layers  in 
the  soil  profiles.   This  transition  soil  profile  characteristic  is  easily 
indentifed  and  distinctive  from  the  upland  soil  profile.   The  boundary  between 
the  upland  and  the  transition  soil  coincide  with  the  toe  slope  to  floodplain 
boundaries.   Changes  in  plant  communities  also  coincide  with  the  landform 
boundary.   Boundaries  of  floodplain  riparian  areas  were  especially  easy  to 
identify  with  minimal  plant  community  data  in  burn  areas. 
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Table  3.2.   Stream  Valley  Dimensions 
*Gradients  (%) 


Stream 

Lat 

2ral 

Widths 

South 

North 

Floodplain 

Channel 

B3 

2.30 

7.60 

14.14 

24 

7 

1.90 

13.70 

3.14 

54 

3 

1.70 

5.11 

2.50 

54 

(26N*) 

14 

B4 

1.60 

0.67 

0.06 

70 

(43  S*) 

8 

1.51 

2.17 

-2.22 

50 

(51  S*) 

21 

1.50 

39.50 
to  1.20 

3.63 

44 

(25  S*) 

11 

C3 

0.98 

0.06 

1.18 
&  -0.72 

183 

35 

0.91 

1.00 

1.10 

59 

13 

0.89 

0.46 

-0.01 

135 

33 

*The  floodplain  on  north  (N)  and  south  (S)  sides  are  offset  vertically  enough 
to  limit  flooding  to  one  side  prior  to  flooding  on  both  sides.   The  negative 
gradients  dip  away  from  the  stream  center. 

Summary 

The  stream  valley  hypotheses  one  and  four  are  true  in  gross  terms  on  these 
stream  reaches.   Gradients  from  stream  center  to  soil  subsystem  wetland  types 
(riparian  areas)  are  proportional  to  stream  water  surface  gradients.   Widths 
of  riparian  areas  are  inversely  proportional  to  water  surface  gradients  in 
stream  types.   Yet,  there  is  great  spatial  variability. 

The  soil  profile  hypotheses  two  and  three  are  true  in  general  terms.   All  18 
boundaries  examined  are  characterized  by  changes  in  vegetation  form  and  soil 
profiles.   Widths  of  riparian  areas  as  characterized  by  changes  in  vegetation 
compared  to  widths  as  characterized  by  changes  in  soil  profiles  are  not  only 
proportional  they  are  equal  on  these  stream  reaches. 
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CHAPTER  4 

VEGETATION  UTILIZATION  AND  TREND  MONITORING  STUDY 

Paul  T.  Tueller  and  Jay  M.  Hinshaw 


Introduction 

Field  work  on  the  study  was  initiated  in  the  month  of  May,  1986.   The  Saval 
Ranch  allotments  were  examined  by  both  the  principal  investigator,  Paul  T. 
Tueller,  and  the  graduate  student,  Jay  M.  Hinshaw,  in  company  with  the  Saval 
Project  manager  and  representative  range  conservationists  from  the  United 
States  Forest  Service  and  the  Bureau  of  Land  Management.   The  Forest  Service 
and  BLM  were  responsible  for  developing  the  Saval  Coordinated  Management  Plan 
(SCMP)  in  1981. 

In  1986,  the  two  agencies  amended  the  original  SCMP  with  the  addition  of  the 
Saval  Allotment  Monitoring  Plan.   They  developed  the  plan  with  the  Saval  Ranch 
manager  and  without  discussion  or  input  from  the  researchers.   The  vegetation 
section  consisted  of  two  parts,  short-term  and  long-term  monitoring.   The 
Forest  Service  chose  3  key  management  areas  and  the  BLM  chose  5,  each  area 
being  the  location  of  a  permanent  frequency  macroplot.   The  frequency  plots 
were  to  be  monitored  over  the  long-term  for  determining  vegetation  ecological 
trend.   In  addition,  an  agreement  was  made  that  both  agencies  would  compile 
annual  use  maps  for  short-term  monitoring.   The  use  maps  would  be  considered 
along  with  actual  use  and  weather  records  for  short-term  management  decisions. 

The  allotments  were  examined  by  the  researchers  and  stratified  into  11  major 
plant  communities  which  in  all  but  one  case  corresponded  with  previously 
published  Soil  Conservation  Service  ecologic  site  descriptions.   Our  purpose 
was  to  test  short-  and  long-term  monitoring  techniques  recommended  in  the 
Nevada  Rangeland  Monitoring  Handbook  and  to  observe  the  implementation  of  an 
allotment  monitoring  plan  developed  by  public  land  agencies.   We  chose  two 
methods  given  in  the  Handbook  for  conducting  our  own  short-term  monitoring 
study:  use  mapping  and  the  key  forage  plant  method.   For  our  long-term 
monitoring  study,  approximately  thirty  permanent  frequency  macroplots  were 
selected  from  the  Saval  Project  frequency  plot  data  base. 

There  are  four  main  objectives  of  our  study: 

1.  Field  test  several  methods  recommended  in  the  Nevada  Rangeland  Monitoring 
Handbook. 

2.  Observe  Bureau  of  Land  Management  and  Forest  Service  monitoring. 

3.  Evaluate  problems  with  monitoring  implementation  and  data  analysis  in  the 
field  and  in  the  office. 

4.  Attempt  to  improve  monitoring  precision  and  accuracy  and  refine 
methodology  based  on  field  testing,  observations,  and  a  knowledge  of  what 
is  practical. 
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Methods 

Outline  of  Utilization  and  Trend  Monitoring  Study: 

I.  Short-Term  Monitoring  Study 

*  1.   Key  Forage  Plant  Method 

a.  Key  forage  plant  write-ups 

b.  Height -weight  curves 

c.  Photoguides 

*  2.   Use  Mapping 

a.  Height -weight  curves 

b.  Photoguides 

3.  Fecal  Counts 

4.  Utilization  cages 

II.  Long-Term  Monitoring  Study 

*  1.   Frequency  Macroplots 
*  Methods  emphasized  in  study 


I.   Short-Term  Monitoring  Study: 

In  preparation  for  using  the  Key  Forage  Plant  Method  (KFPM)  of  estimating 
utilization,  the  following  key  forage  species  were  sampled  at  three  different 
precipitation  zones  for  developing  height -weight  curves  and  photoguides  to 
provide  better  estimates  of  forage  use:  bluebunch  wheatgrass,  Idaho  fescue, 
Great  Basin  wildrye,  arrowleaf  balsamroot,  crested  wheatgrass,  and  bottlebrush 
squirreltail.   Clipping  and  weight  determinations  were  done  at  3,  5  and  10  cm 
increments  of  height  depending  on  average  species  height.   Height -weight 
curves  for  these  species  were  completed  for  use  during  the  1986  field  season. 
Seven  additional  key  forage  species  were  identified  by  the  researchers  in  1986 
and  were  sampled  in  the  same  manner  during  the  1987  field  season. 

Photoguides  were  constructed  for  key  species  in  1986  and  1987  using 
information  derived  from  the  height-weight  curves.   Use  categories  were  the 
same  as  those  used  in  the  Key  Forage  Plant  Method:  no  use,  slight,  light, 
moderate,  heavy,  and  severe  corresponding  to  the  percentage  ranges  of  0,  1-20, 
21-40,  41-60,  61-80,  81-100,  respectively.   Specimens  of  each  key  species  were 
clipped  to  the  estimated  mid-point  of  these  ranges,  then  photographed. 

The  Key  Forage  Plant  Method  entailed  walking  transects  and  estimating  percent 
utilization  for  individual  specimens  of  key  forage  species.   After  twenty 
specimens  were  sampled,  the  estimate  were  expressed  as  a  percentage.   The 
result  was  an  estimate  of  the  percent  utilization  for  that  key  species  at  that 
particular  location.   This  method  was  conducted  in  each  pasture  following  the 
removal  of  cattle.   Approximately  175  key  forage  plant  write-ups  were  done  in 
conjunction  with  lm  x  30m  cattle  fecal  count  transects.   Fecal  counts  were 
hypothesized  to  be  correlated  with  forage  utilization.   If  the  level  of 
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correlation  was  high,  then  fecal  counts  could  be  used  as  a  tool  for  estimating 
utilization.   This  method  would  be  extremely  useful  for  range  managers  as  it 
is  much  faster  and  easier  than  traditional  monitoring. 

Using  the  six  use  categories,  general  use  maps  of  the  pastures  were  compiled 
from  field  notes  taken  following  the  removal  of  cattle.   Hinshaw  drove, 
walked,  and  rode  horseback  over  as  much  of  the  area  as  possible,  estimating 
general  use  patterns  and  recording  notes  and  observations.   The  sketches  and 
notes  were  transformed  into  use  maps  for  each  pasture,  then  given  to  a 
cartographer  for  professional  drafting. 

In  addition,  twenty  4  ft.  by  4  ft.  utilization  cages  were  placed  on  five 
important  SCS  ecologic  range  sites  on  the  Forest  Allotment  before  the  grazing 
season.   After  cattle  had  grazed  the  allotment,  the  vegetation  inside  and 
outside  the  cages  was  sampled  after  completing  KFPM  write-ups  for  the  areas. 
This  has  allowed  for  a  comparison  of  cage  use  estimations  to  KFPM  estimations 
of  utilization. 

Three  major  problems  were  encountered  in  1986.   First,  grazing  use  was  not 
what  was  prescribed  in  the  agencies'  Allotment  Management  Plan.   Yearlings 
rather  than  cow-calf  pairs  were  placed  on  the  allotments  about  2  months  later 
than  scheduled.   Secondly,  neither  the  BLM  nor  the  Forest  Service  fulfilled 
their  agreement  to  compile  annual  use  maps.   Finally,  after  the  official 
foreclosure  of  the  Saval  Range,  FHA  announced  their  intention  to  rest  the 
entire  ranch  during  the  1987  grazing  season. 

In  order  to  gather  utilization  data  in  the  field  of  1987,  we  made  agreements 
with  area  ranchers,  Charlie  Van  Norman,  Pete,  and  Sam  Mori  to  monitor  their 
allotments.   BLM  range  conservationist,  Waive  Stager,  planned  to  monitor  these 
areas  anyway,  and  showed  a  willingness  to  cooperate  in  the  effort  and  make  the 
study  a  success. 

In  1987,  24  utilization  cages  were  placed  on  6  ecological  sites  on  the  BLM 
Eagle  Rock  allotment.   The  Van  Normans  ran  cow-calf  pairs  on  three  of  the 
Eagle  Rock  pastures  during  the  growing  season.   Following  the  removal  of 
cattle,  key  forage  plant  write-ups,  fecal  transects,  and  use  maps  were  made. 
Vegetation  inside  and  outside  of  the  utilization  cages  was  clipped  by  species, 
dried,  then  weighed.   Height-weight  curves  and  photoguides  were  made  for  the 
seven  additional  key  species.   The  Mori  allotment  was  also  monitored.   Use 
maps  were  compiled.   Fecal  transects  and  KFPM  write-ups  were  completed. 

II.   Long-Term  Monitoring  Study: 

Two  or  more  permanent  frequency  macroplots  were  chosen  for  each  major 
ecological  site  on  the  Saval  Ranch.   All  plots  were  sampled  at  least  twice 
between  the  years  1979  and  1986.   Chosen  plots  were  required  to  have  a  minimum 
of  five  years  between  the  first  and  final  sampling  times.   Copies  of  the  raw 
data  were  acquire  through  the  BLM  computer  in  Denver.   Some  macroplots  were 
resampled  in  1986  and  1987  to  fulfill  the  five  year  minimum  requirement. 

Results 

I.      Short-Term  Monitoring: 

Examples  of  height -weight  curves  and  photoguides  for  key  species  use  are  now 
available  and  will  appear  in  the  thesis.   In  the  future,  it  is  thought  that 
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agencies  may  need  to  develop  their  own  height-weight  curves  and  photoguides 
for  local  key  forage  species  to  improve  monitoring  accuracy.   Both  are 
extremely  useful  tools  for  calibrating  ocular  estimates  of  utilization. 

The  final  drafts  of  the  1986  Saval  use  map  (Figure  4.1)  and  1987  Mori 
Allotment  use  map  (Figure  4.2),  with  mylar  overlays  of  KFPM  estimations  of 
utilization  (Figures  4.3  and  4.4)  are  complete.   They  allow  for  a  comparison 
between  the  two  methods.   A  comparison  of  these  results  to  the  cage  method  are 
given  in  Table  4.1. 

Logarithmic  regressions  of  fecal  count  data  shows  that  fecal  density  was 
highly  correlated  to  KFPM  utilization  on  the  Mori  West  Pasture  (Figure  4.5). 
However,  when  data  from  all  pastures  was  combined,  the  correlation  was  quite 
low  (Figure  4.6).   This  may  be  due  to  the  difference  in  sampling  procedure 
between  1986  and  1987.   In  1987,  cattle  bedding,  salting,  and  watering  areas 
were  avoided  while  sampling,  whereas  they  were  not  in  1986. 

II.   Long-Term  Monitoring: 

Frequency  data  was  analyzed  using  the  two  sample  t  test,  rank  sum  two  sample  t 
test,  one  way  AOV,  Kruskal-Wallis  one  way  AOV,  and  the  least  significant 
difference  test.   Most  of  the  data  has  not  yet  been  interpreted.   However,  it 
appears  that  the  upland  sites  are  much  better  indicators  of  trend  than  wet 
meadow  sites  (Table  4.2).   Upland  sites  generally  had  more  species  which  were 
significantly  different  in  frequency  over  the  five-plus  years  than  wet  meadow 
sites.   It  may  be  that  upland  sites  are  less  resistant  to  the  impacts  of 
drought,  herbivory,  et  cetera,  than  meadow  sites.   Also,  the  wet  meadow 
frequency  macroplots  had  one-half  number  of  transects  that  upland  plots  had. 
Therefore,  sample  size  may  have  caused  the  difference. 

S  ummary 

All  field  work  for  this  study  has  been  completed.   Although  some  results  were 
given  here,  the  majority  of  data  still  needs  to  be  interpreted  and 
summarized.   Major  problems  were  encountered  during  the  study  such^as  the 
agencies'  failure  to  conduct  short-term  monitoring  and  FHA' s  decision  to  rest 
the  Saval  during  the  1987  grazing  season.   The  researchers  were  able  to  meet 
all  four  objectives  in  spite  of  these  problems  by  locating  alternative 
allotments.   This  would  not  have  been  possible  without  the  help  of  cooperative 
local  ranchers  and  the  BLM  range  conservationist,  Waive  Stager.   The  thesis 
resulting  from  this  study  is  expected  to  be  written  and  approved  before 
December  of  1988. 
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Table  4.1  1987  Comparison  of  short-term  monitoring  methods 


Ut: 

tlization  (%) 

Ecological  Site 

Species 

Cage  method 

KFPM* 

Use  Mapping 

Wet  Meadow 

Popr 

88 

86 

81-100 

Carex  Meadow 

Cado 

40 

60 

41-60 

Art r/ Put r 

Agsp 
Feid 

37 
53 

45 
53 

41-60 
41-60 

Loamy  10-12" 

Agsp 

58 

63 

61-80 

Loamy  8-10" 

Agsp 
Feid 

41 
70 

49 
58 

41-60 
41-60 

Upland  Claypan 

Agsp 
Feid 
Posa 

75 
36 

48 

43 
45 

41-60 
41-60 
41-60 

*  Key  Forage  Plant  Method 
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Table  4.2.   Frequency  results  for  south  national  forest  pasture 
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CHAPTER  5 

NUTRITIONAL  QUALITY  OF  SUMMER  CATTLE 

AND  MULE  DEER  DIETS  FROM  ASPEN  COMMUNITIES 

IN  NORTHEASTERN  NEVADA 

L.J.  Krysl,  V.R.  Bohman,  R.  Torrell,  D.A.  Klebenow, 
T.E.  Morrell  and  M.B.  Judkins 


Abstract 

Four  summer  trials  were  conducted  during  1984  [late  July  (LJULY84),  early 
August  (EAUG84),  early  September  (ESEPT84)  and  late  September-early  October 
(LSEPT-E0CT84)]  and  four  during  1985  [late  June-early  July-early  August 
(LJUL-EAUG85)  and  early  September  (ESEPT85) ]  in  order  to  evaluate  botanical 
and  nutritional  composition  of  diets  consumed  by  cattle  and  mule  deer  summer 
grazing  Aspen  communities  in  northeastern  Nevada.   Summer  cattle  diets  were 
comprised  primarily  of  grasses  except  during  LSEPT-E0CT84  and  MJUL85  when 
shrubs  comprised  67.7%  and  57.9%  of  the  diet,  respectively.   Dietary  neutral 
detergent  fiber  (NDF)  in  cattle  declined  with  advancing  season  during  both 
years.   Cattle  dietary  crude  protein  (CP)  during  1984  ranged  from  11.8% 
(LJUL84)  to  14.5%  (EAUG84,  P<  .05)  while  during  1985  the  range  was  9.6% 
(LJUL-EAUG85)  to  11.8%  (MJUL85,  P  <.05).   Dietary  organic  matter  digestibility 
(OMD)  increased  with  advancing  season  during  1984  (LJUL-49.9%  to 
LSEPT-EOCT-63.1%,  P  <.05)  and  1985  (LJUN-EJUL-52. 9%  to  ESEPT-60.8%,  P<  .05). 

Mule  deer  diets  were  comprised  primarily  of  forbs  and  shrubs.   Mule  deer 
dietary  NDF  ranged  from  32.3%  (ESEPT84)  to  40.8%  (MJUL85).   Dietary  CP  during 
1984  ranged  from  12.9%  to  16.1%  (P<  .05)  while  during  1985  dietary  CP  ranged 
from  10.2%  to  16.8%  (P<.05).   Dietary  OMD  did  not  differ  (P  >  .05)  across  the 
trial  and  ranged  from  78.7%  (EJUL84)  to  71.6%  (ESEPT85).   Dietary  overlap 
between  mule  deer  and  cattle  was  slight  with  the  highest  overlap  occurring  in 
ESEPT  85  (17.5%).   Results  of  this  study  showed  minimal  dietary  competition 
between  mule  deer  and  cattle  grazing  aspen  communities  during  the  summer  in 
northeastern  Nevada. 

Introduction 

The  significance  of  cattle  and  mule  deer  (Odocoileus  hemionus)  interactions  on 
summer  ranges  remains  a  topic  of  controversy.   Studies  have  reported  that 
competition  between  these  species  during  the  summer  is  slight  or  avoided 
because  of  differential  use  of  forages  on  prairie  ranges  (Dusek  1975), 
mountain  shrub/pinyon-juniper  (Hubbard  and  Hansen  1976),  pine-bunchgrass 
ranges  (Currie  et  al.  1977,  Campbell  and  Johnson  1983),  sagebrush 
grass /pinyon- juniper  (Hansen  et  al.  1977)  and  mixed  browse  (Austin  and  Urness 
1985),  whereas  others  have  shown  considerable  dietary  overlap  on 
sagebrush-grass  ranges  (Hansen  and  Reid  1975,  Tueller  and  Monroe  1975), 
pine-bunchgrass  ranges  (Williams  et  al.  1979)  and  aspen  ranges  (Selby  1986). 
Some  authors  have  reported  negligible  changes  in  summer  deer  diets  on 
moderately  stocked  areas  (Williams  et  al.  1979,  Austin  and  Urness  1986). 
Others  have  suggested  significant  dietary  changes  can  occur  (Oldemeyer  et  al. 
1983,  Bowyer  and  Bleich  1984,  Selby  1986).   These  studies  have  focused  on 
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evaluating  this  cattle-deer  interaction  from  a  botanical  composition 
standpoint.   An  equally  important  consideration  is  the  nutritional  quality 
these  diets  provide  grazing  ruminants. 

Aspen  communities  play  an  important  role  for  both  mule  deer  and  livestock 
throughout  the  western  United  States  (Julander  1955,  Ellison  and  Houston  1958, 
Julander  and  Jeffrey  1964,  Reynolds  1969,  Tueller  and  Monroe  1975,  DeByle 
1985,  Mueggler  1985,  Loft  et  al.  1987).   Aspen  groves  can  offer  shade  and/or  a 
luxuriant  understory  of  forages  which  can  provide  important  bedding,  hiding 
and  foraging  areas  for  deer  and  livestock.   Summer  nutritional  levels  may  be 
the  most  critical  for  mule  deer  and  livestock  since  during  this  period  animals 
are  lactating,  rebreeding  and  are  putting  on  body  condition  before  the  onset 
of  winter.   Forage  quality  on  the  summer  range  has  been  shown  to  affect 
overwinter  survival  (Richen  1967,  Trout  and  Thiessen  1973)  and  subsequent 
reproduction  in  deer  (Jones  et  al.  1956,  Swank  1958,  Robinette  et  al.  1977, 
Penderson  and  Harper  1978). 

Presently,  little  information  is  available  on  the  nutritional  value  of  diets 
being  consumed  by  mule  deer  and  cattle  grazing  in  aspen  communities. 
Cognizant  of  the  potential  relationships  between  mule  deer  and  cattle,  we 
undertook  this  study  to  examine  botanical  and  nutritional  composition  of  diets 
consumed  by  mule  deer  and  cattle  summer  grazing  aspen  communities  in 
northeastern  Nevada. 

Materials  and  Methods 

Study  Area.   This  study  was  conducted  on  the  Saval  Ranch  Research  and 
Evaluation  Project  (SRREP)  in  the  Humboldt  National  Forest  of  northeastern 
Nevada.   The  1.2  ha  study  site  was  locate  with  an  aspen  (Populus  tremloides) 
community  at  an  elevation  of  2,347  m.   Average  yearly  precipitation  on  the 
study  site  was  81.6  cm  with  the  most  of  this  occurring  during  winter  in  the 
form  of  snow.   The  aspen  stand  chosen  for  study  was  characteristic  of  the 
upland  stands  on  the  SRREP  that  combine  with  other  distinct  vegetation 
communities  to  create  a  mosaic  of  communities  that  serves  as  summer  range  for 
mule  deer  and  cattle.   Almost  90%  of  the  study  area  had  a  moderate  to  dense 
aspen  canopy.   The  understory  consisted  of  8  grass  and  grasslike  species,  56 
forb  species  and  11  shrub  species.   For  a  more  complete  description  of  the 
vegetation  types  used  by  mule  deer  and  cattle  during  the  summer  on  the  SRREP 
see  Selby  (1986).   The  major  grasses  are  slender  wheatgrass  (Agropyron 
trachycaulum) ,  mountain  brome  (Bromus  carinatus) ,  Idaho  fescue  (Festuca 
idahoensis)  and  Nevada  bluegrass  (Poa  nevadensis).   Predominate  forb  species 
include  sweetanise  (Osmorhiza  occidentialis) ,  western  aster  (Aster 
occidentalis) ,  sticky  geranium  (Geranium  viscosissiomum) ,  cinquifoil 
(Potentilla  spp),  stickseed  (Hackelia  micrantha),  horsemint  (Agastache 
urticifolia)  and  valerian  (Valeriana  acutiloba).   Major  shrubs  and  species 
include  mountain  snowberry  (Symphoricarpos  oreophillus) ,  golden  currant  (Ribes 
aureum)  and  Utah  service  berry  (Amelanchier  utahensis). 

Field  Trials.   Four  summer  trials  were  conducted  during  1984  [late  July 
(LJUL84),  early  August  (EAUG84),  early  September  (ESEPT84)  and  late 
September-early  October  (LSEPT-E0CT84) ]  and  four  during  1985  [late  June-early 
July  (LJUN-EJUL),  mid  July  (MJUL85),  late  July-early  August  (LJUL-EAUG85)  and 
early  September  (ESEPT85) ]  in  order  to  evaluate  botanical  and  nutritional 
composition  of  diets  consumed  by  mule  deer  and  cattle.   Plant  phenology 
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measurements  were  taken  on  key  species  during  each  trial  of  the  first  year  so 
the  timing  of  the  second  year  sampling  trials  could  be  determined  based  upon 
similar  stages  of  plant  maturity.   Cattle  were  stocked  in  order  to  achieve  a 
50%-70%  utilization  of  grasses. 

Two  hand-reared  female  mule  deer  were  used  in  the  study  to  determine  botanical 
composition.   Mule  deer  were  individually  sampled  four  times  during  each 
trial.   Observations  lasted  60  minutes  per  deer  and  were  conducted  in  either 
the  early  morning  or  late  afternoon.   As  each  animal  fed,  the  number  of  bites 
taken  from  each  forage  species  was  recorded.   The  biomass  of  forage  species 
selected  and  consumed  by  the  deer  was  estimated  by  multiplying  the  mean  weight 
of  25  to  50  air  dried  hand-picked  simulated  bites  by  the  number  of  bites  taken 
of  that  item  (Neff  1967).   Weigh  estimates  were  made  for  all  forage  species 
during  each  time  period  to  account  for  changes  in  bite  sizes  by  mule  deer 
through  the  summer  and  between  years.   Composite  diets  were  then  formulated 
for  each  mule  deer  during  each  of  the  trials.   The  composite  diets  consisted 
of  plants  and  plant  parts  in  the  same  proportions  as  were  observed  in  the  mule 
deer  diets. 

Three  rumen-festulated  heifers  were  used  to  collect  dietary  information  on 
cattle  grazing.   Heifers  were  sampled  3  times  during  each  of  the  trials. 
Because  of  dense  vegetation  in  the  area,  rumen  evacuation  technique 
(Lesperance  et  al.  1960)  was  employed  rather  than  using 

esophageally-fistulated  cattle.   The  rumen  samples  were  taken  by  completely 
evacuating  the  rumen  and  allowing  the  animals  to  graze  for  approximately  1 
hour. 

Laboratory  Analysis.   Forages  used  for  composite  deer  diets  and  heifer 
fistulae  samples  were  freeze-dried  and  ground  through  a  2  mm  screen  in  a  Wiley 
mill.   Mule  deer  and  heifer  diet  samples  were  analyzed  for  dry  matter  (100  C) 
and  ash  content  (550  C)  using  standard  AOAC  (1984)  procedures.   Dietary  fiber 
constituents  [neutral  detergent  fiber  (NDF),  acid  detergent  fiber  (ADF)  and 
acid  detergent  lignin  (ADL) ]  were  determined  according  to  Goering  and  Van 
Soest  (1970).   The  Kjeldahl  procedure  was  used  for  all  nitrogen  (N)  analysis 
(AOAC,  1984) .   Insoluble-non  available  N  was  represented  by  acid  detergent 
insoluble  N  (ADIN)  and  was  determined  as  described  by  Goering  and  Van  Soest 
(1970).   Subtraction  of  ADIN  fraction  from  total  N  results  in  what  is  referred 
to  as  available  N  and  when  multiplied  by  6.25  gives  an  estimate  of  available 
crude  protein.   Organic  matter  digestibility  (OMD)  of  the  diets  was  determined 
using  the  in  situ  +  acid-pepsin  method  described  by  Krysl  et  al.  (1987).   In 
general,  the  technique  involves  placing  nylon  bags  (9  x  16  cm;  pore  with  26.5 
+5.1  urn,  pore  length  47.3  +6.4  um)  containing  diet  samples  (3  g)  into 
ruminally-cannulated  animals  (for  this  study  2  cannulated  heifers  consuming  a 
50%  grass  hay  and  50%  alfalfa  ad-libitum  diet  were  used)  for  48  h  followed  by 
a  48  h  in  vitro  acid-pepsin  digestion  on  . 5  g  sample  of  nylon  bag  residue. 
Botanical  composition  of  mule  deer  diets  was  measured  by  direct  observation. 
However,  cattle  diets  were  determined  using  microhistological  techniques 
following  procedures  outlined  by  Sparks  and  Malechek  (1968).   Dietary  overlap 
was  determined  using  Kulcynski's  similarity  index  described  by  Oosting  (1956). 

Statistical  Analysis.   A  one-way  analysis  of  variance  was  conducted  on 
botanical  and  nutritional  data.   Means  were  separated  using  the  least 
significant  difference  method  protected  by  a  significant  F-test  (Cochran  and 
Cox  1957). 
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Results  and  Discussion 

Cattle.   Summer  cattle  diets  were  comprised  primarily  of  grasses  except  during 
LSEPT-EOCT84  and  MJUL85  when  shrubs  comprised  67.7%  and  57.9%  of  the  diet, 
respectively  (Table  5.1).   Major  grasses  consumed  by  cattle  were  slender 
wheatgrass,  mountain  brome,  Idaho  fescue  and  Nevada  bluegrass.   Predominate 
shrubs  consumed  were  mountain  snowberry  and  aspen  shoots.   Forbs  comprised 
less  than  10%  of  the  cattle  diets  during  all  sampling  periods  except 
LJUN-EJUL85  (19.9%,  Table  5.1).   Major  forbs  consumed  by  cattle  were 
cinquefoil,  valerian,  stickseed  and  sticky  geranium. 

Dietary  NDF  fluctuated  during  the  trials  for  both  years  (Table  5.2). 
Normally,  advancing  maturity  is  associated  with  increasing  fiber  constituents 
(Ulyatt  1981,  Van  Soest  1982).   However,  during  1984  dietary  NDF  content 
declined  with  advancing  season  from  78.1%  (LJUL84)  to  62.2%  (LSEPT-E0CT84, 
P  <.05).   This  would  be  expected  since  cattle  were  consuming  primarily  grasses 
early  in  the  summer  season  and  shifted  to  a  diet  of  predominately  shrubs  by 
season  end  (Table  5.1).   A  similar  trend  was  observed  in  1985  when  dietary  NDF 
content  early  in  the  growing  season  was  76%  (LJUN-EJUL85)  and  declined  to 
67.1%  (ESEPT85,  P  <.05)  by  the  end  of  the  grazing  season  (Table  5.2). 

Dietary  ADF  ranged  from  47.6%  (ESEPT84)  to  53.6%  (EAUG84,  P  <.05)  during  1984 
(Table  5.2).   Similarily,  during  1985  dietary  ADF  ranged  from  45.0% 
(LJUL-EAUG85)  to  52.8%  (ESEPT85,  P  <.05).   Dietary  ADL  followed  a  similar 
pattern  to  that  of  ADF  (Table  5.2). 

Dietary  CP  during  1984  ranged  from  11.8%  (LJUL84)  to  14.5%  (EAUG84,  P<.05) 
while  during  1985  the  range  was  9.6%  (LJUL-EAUG85)  to  11.8%  (MJUL85,  P<.05). 
In  all  trials,  dietary  crude  protein  was  adequate  (assuming  adequate  forage 
consumption  for  growing  heifers  and  steers  (minimum  wt  225  kg)  gaining  0.5 
kg/day  (9.5-10%),  lactating  cows  (9-10%)  and  heifers  (9-11%)  and  pregnant  cows 
(7-8%;  NRC  1984).   A  more  realistic  assessment  of  dietary  protein  status  in 
grazing  animals  can  be  achieved  by  subtracting  the  acid  detergent  insoluble 
nitrogen  fraction  from  the  total  nitrogen  and  multiplying  by  6.25  to  obtain 
available  CP.   When  adjusted,  available  CP  levels  were  1.7%  to  3.7%  lower  than 
CP  values  (Table  5.2). 

Dietary  0MD  increased  with  advancing  season  during  1984  (LJUL-49.9%  to 
LSEPT-EOCT  -  63.1%,  P<  .05)  and  1985  (LJUN-EJUL  -  52.9%  to  ESEPT  -  60.8%, 
P  <.05).   As  previously  mentioned  cattle  did  undergo  some  dietary  shifts  and 
decreased  grass  consumption  while  increasing  shrub  utilization. 

Mule  Deer.   Summer  mule  deer  diets  were  comprised  primarily  of  forbs  and 
shrubs  (Table  5.1).   Major  forbs  utilized  by  deer  during  1984  and  1985  were 
sticky  geranium,  stickseed,  valerian,  cinquifoil,  western  aster,  false  caroway 
(Perideridia  bolanderi)  and  Indian  paintbrush  (Castilleja  minlata) .   Major 
shrubs  consumed  by  deer  during  1984  and  1985  were  snowberry,  golden  current, 
serviceberry  and  aspen  shoots.   Austin  and  Urness  (1986)  reported  Utah 
serviceberry  and  mountain  snowberry  were  important  forage  species  consumed  by 
mule  deer  during  the  summer  in  the  Great  Basin  geographic  unit  of  western  Utah 
and  eastern  Nevada.   In  both  1984  and  1985  forb  consumption  declined  and  shrub 
utilization  increased  with  advancing  season.   These  results  parallel  those  of 
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Table  5.1.   Recent  botanical  composition  and  dietary  overlap  of  diets  consumed  by  mule  deer  and 

cattle  grazing  aspen  community  in  northeastern  Nevada  during  the  summers  of  1984  and 
1985. 
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9.2c 
67.4 

1.6 

Shrubs 

^0 

Cattle 

Deer 

14. 6e 
16.2b 

24. 8d 

14.9 

16. 6e 
28.1 

67.7b 

3.5f 
9.1 

57.9c 
13.4 

4.4f 
16.5 

25.  Od 
31.8 

3.4 

Dietary 
Overlap 

8.0 

8.8 

11.1 



12.1 

10.1 

6.2 

17.5 

b-f  means  with  different  letters  differ  at  (P  <.05). 


Table  5.2.   Nutritional  composition  of  diets  consumed  by  mule  deer  and  cattle  grazing  aspen 
community  in  northeastern  Nevada  during  the  summers  of  1984  and  1985. 


oo 


Sampling  Trials  (1984) 

Sampling  Trial 

s  (1985) 

Late  July 

ITEM 

Early 
Aug 

Early 
Sept 

Late  Sept 
Early  Oct 

Late  June 
Early  July 

Mid -July 

Late  July 

Early  Aug 

Early 
Sept 

SEa 

%  on  Dry  Matter  Basis 

76. 3e      81.2cd 
84.1 

79.  6d 
83.3 

84.0b 
80.8 

79. 4d 
82.4 

Organic  Matter 

Cattle            81.4c 
Deer             81.0 

76. 2e 
83.1 

81.0cd 
81.7 

.6 

1.7 

71.3de 

% 

66.  8f 
32.3d 

on  Organic 
62. 2g 

Matter  Basis 

76.6bc 
34.5cd 

Neutral  Detergent  Fiber 
Cattle           78.1b 
Deer             33.9cd 

68.8ef 
40.8b 

73.7cd 
38.4bc 

67.  If 
40.6b 

1.5 
2.2 

Acid  Detergent  Fiber 

Cattle           52.0bc 
Deer             31.9b 

53.6b 
24. 4d 

47 .  6f 
27.0c 

50.2cd 

48.6de 
26.4c 

50.7bcd 
32.2b 

45.  Of 
30.6bc 

52.8bc 
33.2b 

1.1 

1.9 

Acid  Detergent  Lignin 

Cattle           11.2de 
Deer              8.9 

12.6cd 

7.9f 
9.3 

13.4bc 

9.4ef 
8.6 

15.8b 
11.4 

8.4f 
10.2 

12.0cd 
10.6 

.8 

1.3 

Crude  Protein 

Cattle           11. 8d 
Deer             16.1bc 

14.5b 
12.9cd 

12.  2d 
14.2c 

13.3c 

11.  7d 

11.  Id 

11.  8d 

10. 2d 

9.6e 
16.8b 

11. 4d 
14.0c 

.3 

1.0 

Available  Crude  Protein 
Cattle            9.4c 
Deer             13.5bc 

11.2b 

10.1b 
12.2c 

9.9c 

9.4c 
8.9d 

8.  Id 
7. 2d 

7.9d 
15.0b 

7.9d 
12.3c 

.4 

1.1 

Organic  Matter  Digestibility 
Cattle           49. 9e 
Deer             78.7 

61.0bc 

60.1bc 
77.1 

63.1b 

52.9de 
76.4 

60.8bc 
72.8 

56.0cd 
74.2 

60.8bc 
71.6 

2.1 
2.4 

a  standard  error  of  means  based  on  45  observations  for  deer  and  71  observations  for  cattle, 
b-g  means  with  different  letters  differ  at  (P <  .05). 


Willms  et  al.  (1980),  Austin  and  Urness  (1986)  and  Selby  (1986)  who  reported  a 
decrease  in  forb  use  and  an  increase  in  shrub  use  on  livestock  grazed  areas 
compared  to  ungrazed  area. 

Dietary  NDF  ranged  from  32.3%  (ESEPT84)  to  40.8%  (MJUL85;  Table  5.2).   Diets 
which  contained  the  highest  %  of  shrubs  had  the  highest  NDF  values  (Table 
5.1).   Dietary  ADF  during  1984  declined  with  advancing  season  (31.9%  to  27.0%; 
P  <.05)  while  during  1985  dietary  ADF  increased  with  advancing  season  (26.4% 
to  33.2%  P  <.05).   Dietary  ADL  fluctuated  considerably  during  both  years  but 
as  expected  as  highest  when  shrubs  were  highest  in  the  diet.   Dietary  ADL 
during  1984  ranged  from  8.9%  to  9.3%  P  < . 05  while  during  1985  dietary  ADL 
ranged  from  8.6  to  11.4%  P  <.05  (Table  5.2). 

Dietary  CP  during  1984  ranged  from  12.9%  to  16.1%  (P<.05)  while  during  1985 
dietary  CP  ranged  from  10.2%  to  16.8%  (P<  .05;  Table  5.2).   Available  CP 
values  reduced  CP  estimates  from  1.8%  to  3.0%  (Table  5.2).   Annually,  12%  CP 
in  the  diet  is  considered  adequate  for  growth  and  reasonable  reproduction  of 
mule  deer,  although  6  to  8%  CP  is  considered  adequate  for  maintenance  and  to 
support  rumen  functions  (Dietz  1965).   Approximately  16-18%  CP  in  the  diet 
meet  the  optimum  requirements  for  deer  reproduction  (Verme  and  Ullrey  1972). 
Crude  protein  estimates  from  our  study  appear  to  be  more  than  adequate  for 
maintenance,  but  were  slightly  below  optimal  level  for  reproduction  in  all 
trials  except  LJUL84  (16.1%)  and  LJUL-EAUG85  (16.8%). 

Dietary  OMD  did  not  differ  (P  >.05)  across  the  trials.   However,  dietary  OMD 
did  decline  with  advancing  season  during  both  years.   Dietary  OMD  ranged  from 
78.7%  (EJUL84)  to  71.6%  (ESEPT85). 

Dietary  Overlap.   Dietary  overlap  between  mule  deer  and  cattle  ranged  from 
6.2%  (LJUL-EAUG85)  to  17.5%  (ESEPT85) .   The  greatest  amount  of  overlap 
occurred  in  the  shrub  dietary  component  (Table  5.1).   Similar  studies  have 
documented  in  other  vegetation  types  the  relatively  low  level  of  food 
competition  between  mule  deer  and  cattle.   Campbell  and  Johnson  (1983) 
reported  only  15%  overlap  on  a  year-round  basis  for  animals  grazing 
pine-bunchgrass  range.   Hansen  and  Clark  (1977)  determined  a  much  lower  value 
of  4%;  Hubbard  and  Hansen  (1976)  reported  a  2-4%  overlap  in  the  mountain 
shrub/pinyon-juniper  type;  whereas,  Hansen  and  Reid  (1975)  determined  forage 
competition  in  the  sagebrush-grass  type  to  be  between  12  and  38%.   Vavra  and 
Sneva  (1978)  reported  summer  dietary  overlap  ranged  from  12%  to  37%  for  cattle 
and  deer  foraging  on  juniper-sagebrush-grass  vegetation  type.   Results  of  this 
study  showed  minimal  dietary  competition  between  mule  deer  and  cattle  grazing 
aspen  communities  during  the  summer  in  northeastern  Nevada. 
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